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LETTER  OF  TRANSMITTAL. 


To  His  Excellencyy 

Hon.  De  Forest  Richards, 
Oovernor  of  Wyoming, 
Cheyenney  Wyommg. 

As  President  and  Director  I  have  the  honor  to.  present 
the  Ninth  Annual  Report  of  the  Agricultural  College  and 
the  Agricultural  Experiment  Station  of  Wyoming.  This 
report  covers  the  work  of  the  College  and  Station  from 
July  1,  1898,  to  July  1,  1899. 

Copies  will  be  sent  also  tp  all  Agricultural  Colleges,  to 
the  Secretary  of  the  Treasury,  to  the  Secretary  of  the  In- 
terior, and  to  the  Secretary  of  Agriculture,  in  accordance 
with  Sections  3  of  Acts  of  Congress  of  August  30, 1890;  and 
March  2,  1887. 

Respectfully  submitted, 


\XKauu^ 
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NINTH  ANNUAL  REPORT 


OF   THE. 


ColleEe  of  Ajolciiltiire  of  tke  DniTorsity  of  Wyomiii. 


I  hereby  submit  the  ninth  annuaJ  report  of  the  Col- 
lege of  Agriculture  of  Wyoming,  in  compliance  with  en- 
actment of  Congress.  Following  this  report  is  a  technical 
paper  presented  by  Mr.  Elias  Nelson  as  a  thesis  for  the  M. 
A.  degree.  While  it  reveals  a  large  amount  of  research,  yet 
it  cannot  be  considered  experimental  and  is  therefore 
classed  with  the  Agricultural  College  report  rather  than 
with  the  report  of  the  Experiment  Station. 

.  INCEPTION  OF  T^E  COLUBOE. 

The  first  president  of  the  University  of  Wyoming,  when 
constructing  the  various  courses  of  the  institution,  in  ac- 
cordance with  the  act  of  incorporation,  planned  for  distinct 
schools  of  agriculture  and  mechanic  arts.  These  depart- 
ments did  not  obtain  much  growth  until  1891.  On  the  10th 
of  January  of  that  year  they  were  organized  into  separate 
colleges  by  an  act  of  the  Legislature  of  Wyoming,  which 
vested  the  control  of  the  appropriations  from  the  Morrill 
Act  of  Congress  in  tlie  Board  of  Trustee^  of  the  State  Uni- 
versity. The  Morrill  Act,  approved  August  30,  1890,  was 
intended  to  grant  an  endowment  for  agricultural  and  me- 
chanical colleges  in  addition  to  that  obtained  by  a  land 
grant  on  July  2,  1862. 

PBESENT  MANAGEMENT  AND   COURSE. 

The  Board  of  Trustees,  whose  names  appear  on  a  pre- 
ceding page,  have  been  changed  since  the  last  report  by  the 
appointment  of  Judge  J.  A.  Riner  and  Hon.  S.  Conant  Parks 
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in  the  place  of  Prof.  J.  O.  Churchill  and  Hon.  J.  A.  McAvoy, 
whose  terms  of  office  had  expired;  and  by  the  election  of 
Hon.  Thomas  T.  Tynan  as  State  Superintendent  of  Public 
Instruction.  The  faculty  of  the  College,  with  the  position 
held  by  each  member,  appears  on  another  page.  Whenever 
a  consolidation  of  classes  has  been  possible,  the  professor  of 
a  subject  has  been  employed  as  in  the  College  of  Liberal 
Arts.  Thus  considerable  expense  has  been  saved  to  the 
state  and  an  economical  management  effected. 

The  various  courses  -in  agriculture  and  mechanical  en- 
gineering have  been  appended  to  this  part  of  the  report, 
and  will  be  fouiid  to  present  as  high  a  standard  as  those  of 
any  similar  institution  in  the  country.  The  model  offered 
bv  the  Committee  on  Courses  of  the  American  Association 
of  Agricultural  Colleges  and  Experiment  Stations  has  been 
closely  followed. 

EQUIPBiEKT. 

The  laboratory  facilities  of  the  Agricultural  College  are 
the  same  as  those  of  the  University  and  are  very  good  in 
most  branches  of  science;  the  comparatively  small  number 
of  students  in  the  higher  classes  gives  opportunities  for  per- 
sonal attention  from  instructors  and  the  use  of  better  ap- 
paratus than  in  most  large  institutions. 

The  Physical  Laboratory  is  fitted  with  water,  gas,  and 
elei'tricity,  and  accommodates  students  in  sections  of  twen- 
ty-four at  once.  The  method  of  conducting  the  laboratory 
work  in  elementary  classes  is  that  which  is  sometimes 
known  as  the  "collective  system."  Under  this  method  all 
are  engaged  on  the  same  experiment  at  the  same  time,  thus 
allowing  the  teacher  to  instruct  the  whole  class  at  once  on 
difficult  points,  and  still  leaving  him  free  to  devote  the 
greater  portion  of  his  time  to  assisting  those  who  need  par- 
ticular attention.  Each  elementary  student  performs  a  ser- 
ies of  experiments  in  accurate  measurements  and  weights; 


Ninth  Annual  Reporty  1899. 


friction  machines,  and  composition  of  forces;  properties  of 
matter;  the  pendulum;  heat;  magnetism;  electricity,  testing 
of  resistance  and  making  of  cells,  etc.  Advanced  students 
have  the  use  of  accurate  instruments  for  electrical  measure- 
ments, motor,  dynamo,  and  statical  electrical  machines, 
X-ray  apparatus,  phonograph,  telephones,  electrical  heater, 
siren,  etc.  The  field  work  in  surveying  included  in  this  de- 
partment covers  the  use  of  the  Wye-level,  compass,  transit, 
and  solar  attachment. 

The  new  equipment  added  to  the  Department  of  Physics 
during  the  past  year  consists  of  the  following  apparatus :  A 
Kater^s  pendulum,  an  optical  bench  and  accessories,  a  diflfer- 
ehtial  galvanometer,  a  Waltenhafer  pendulum,  a  Mack's 
wave  machine,  a  quadrant  electrometer,  an  18-light  (16  can- 
dle power  each)  dynamo,  a  %  horse  power  electrical  motor, 
and  a  Tesla  vibrator  in  addition  to  numerous  smaller  pieces 
used  in  demonstrations. 

The  Geological  Laboratory  contains  facilities  for  study- 
ing mineralogy,  geology,  and  paleontology.  Students  of  min- 
eralogy determine  in  the  first  term  some  fifty  minerals  with 
the  blow-pipe  and  familiarize  themselves  with  two  hundred 
more.  For  advanced  students  in  mineralogy  there  are  two 
petrographical  microscopes,  with  rock  sections  and  instru- 
ments for  preparing  the  sections.  The  collection  of  rock 
speciments  for  class  use  now  numbers  six  hundred.  The  op- 
portunities for  field  work  in  geology  are  fully  described  in 
the  department  statement.  The  paleontological  collectioi^ 
is  being  rapidly  enlarged  from  Wyoming  fields  and  already 
affords  ample  material  for  original  work. 

The  Chemical  Laboratory  has  locked  desks,  provided 
with  gas  and  water,  for  thirty-six  students.  Elementary 
students  perform  about  one  hundred  experiments,  many  of 
them  quantitative,  and  then  make  complete  qualitative  an- 
alysis of  twenty  mixtures.  Advanced  stud^eftits  have  all 
necessary   apparatus   for  difficult   organic   and   inorganic 


8  Wyoming  AgricultunU  College. 

preparations,  qaantitative  analysis,  including  organic,  gas^ 
sngar,  and  electrolytic  analysis,  and  determination  of  heat 
of  combostion  with  the  bomb  calorimeter. 

The  Biological  Laboratory  is  provided  with  sinks,  gas, 
water,  excellent  compound  and  dissecting  microscopes,  mi- 
crotomes, turntables,  waterbaths,  charts,  models,  photo- 
graphic apparatus,  and  the  necessary  appliances  for  bacterl- 
ologi(*al  work. 

The  Machine  Hhops  are  run  as  nearly  as  possible  to  cor- 
respond with  actual  manufacturing  establishments.  In  the 
wood  room  each  student  has  his  own  chest  of  tools  for  bench 
work  and  has  the  use  Of  turning  lathes,  pattern  maker's 
trimmer,  mortising  machine,  pony  planer,  short  jointer,  bor- 
ing machine,  band  saw,  scroll  saw,  variety  wood  worker, 
and  circular  saw  with  two  cross  cut  and  two  rip  saws.  The 
iron  room  is  pro\ided  with  a  24  inch  x  24  inch  x  6  foot 
planer,  a  25  inch  back  geared  power  feed  drill  press,  a  uni- 
versal milling  machine,  a  14  inch  x  6  foot  engine  lathe,  a  16 
in<*h  X  6  foot  engine  lathe,  a  power  back  saw,  a  twist  drill 
grinder,  a  power  pipe-threading  machine,  a  14  inch  sensitive 
drill,  and  an  emery  grinder  with  two  14  inch  wheels.  The 
foundry  contains  a  Whiting  cupola,  t\2  inch  outside  diame- 
ter lined  down  to  a  28  inch,  which  has  a  capacity  of  melting 
from  1,0(K)  to  2,000  pounds  of  iron  an  hour.  It  is  also  pro- 
vided with  six  50  pound  ladles,  one  200  pound  ladle,  core 
oven,  flasks,  riddles,  bellows,  and  all  tools  necessary  to  oper- 
ate a  ftrst-class  foundry.  There  are  also  complete  sets  of 
piping  tools  for  steam  fitting  and  a  forge  for  sharpening  and 
tempering.  Advanced  classes  have  the  use  of  an  American 
Thompson  Indicator  and  Arndt's  Econometer  with  which  to 
take  indicator  cards  and  test  the  efficiencv  of  boilers. 

« 

MUSEUM. 

The  Agricultural  Museum  occupies  a  well-lighted- room 
on  the  third  floor  of  the  Main  Building.    The  cases  are  large 
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and  built  of  substantial  oak.  Thej  contain  a  collection  of 
specimens  of  the  cultivated  crops  and  wild  grasses  of  Wyo- 
ming. With  the  collection  of  crops  are  the  seeds  of  each  in 
neat  exhibit  bottles.  The  exhibit  also  includes  some  rare 
seeds  from  Africa,  Japan,  and  other  foreign  countries.  The 
cereals  and  forage  crops  raised  on  the  Laramie  Experiment 
Farm  occupy  one  case.  They  are  arranged  in  an  artistic 
manner  and  contain  heads  of  grain  that  for  size  and  perfec- 
tion of  shape  are  rarely  surpassed.  The  exhibition  of  wild 
grasses  consists  of  a  portion  of  those  sent  to  the  World'» 
Fair  in  1893,  which  received  the  award  of  a  medal  and  di- 
ploma. The  fruits  of  our  state  are  as  yet  not  represented,, 
but  some  work  has  been  done  in  reproducing  the  fruit  in 
plaster,  thus  making  it  possible  to  keep  them  on  exhibition 
in  permanent  form. 

The  collection  contained  in  this  museum  is  instructive- 
to  the  student  and  gives  the  stranger  a  good  idea  of  what 
Wyoming  is  capable  of  in  agriculture. 

The  Herbarium  now  contains  about  16,000  specimens^ 
It  is  a  fair  working  collection  of  the  plants  of  the  Western 
United  States,  being  rich  in  those  of  the  Rocky  Mountains 
and  especially  of  Wyoming.  A  steady  growth  is  maintained^ 
collections  of  much  value  being  added  each  year.  It  repre- 
sents the  flora  of  Wyoming  so  far  as  known  and  is  becom- 
ing of  more  and  more  interest  to  students  who  desire  to 
make  a  special  study  of  the  plants  of  this  range,  especially 
80  since  it  contains  the  types  of  many  new  species  recently 
described.  The  herbarium  is  open  to  University  students 
and  others  whose  previous  training  is  such  as  to  enable  them 
to  profit  by  its  use. 

NEW  BUIIJ>ING. 

The  last  legislature  provided  for  an  appropriation  for  a 
new  building,  which  will  probably  be  a  Science  Hall,  and 
will  include  the  Museum.    This  will  relieve  the  pressure  of 
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the  over-crowded  laboratories,  and  will  afford  for  the  first 
time  an  opportunity  of  exhibiting  to  the  public  the  agricul- 
tural specimens,  minerals  and  gigantic  fossil  saurians  which 
have  hitherto  been  stored  away  for  lack  of  room. 


Departmental  Statements. 


The  following  is  a  detailed  report  of  each  department 
of  the  College  of  Agriculture : 

POIiinCAL  SCIENCE. 

This  department  includes  civic,  public  law,  political 
economy,  and  sociology.  Its  aim  has  been  to  cultivate  inde- 
pendent thought  and  foster  intelligent  citizenship.  After 
the  origin  and  growth  of  each  subject  has  been  investigated, 
and  the  general  principles  have  been  acquired,  the  student 
is  required  to  apply  the  principles  thus  obtained  to  leading 
problems  of  the  present  day.  Debates,  public  and  private, 
form  an  important  feature  of  the  courses.  The  following 
subjects  are  offered: 

II.  Constitutional  Law.  Cooley;  Black.  Examination 
of  cases;  lectures;  debates.  [Elective  for  agricultural  sen- 
iors.] 

III.  International  Law.  Walker;  Gallaudet;  Woolsey; 
Hnow's  Cases.  Lectures;  debates;  theses.  [Elective  for 
agricultural  seniors.] 

IV.  Political  Economy.  Ely's  Introduction;  Walker; 
Marshal;  Gregory.  Lectures;  debates;  theses.  [Required 
of  agricultural  and  mechanical  seniors.] 

VII,  Comparative  Ooverument.  WilaanV  The  State; 
WenzePs   Comparative    View    of   Govei'nment;    Bagehot's 
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English  Constitution;  Helie's  Les  Constitutions  de  Prance; 
Nicolson's  Sketch  of  the  German  Constitution;  Bryce's 
American  Commonwealth.  Lectures;  theses.  [Elective  for 
seniors.] 


•     SOCIAL  SCIENCE. 

The  aim  of  this  department  is  to  familiarize  students 
with  the  history  of  social  development  and  to  encourage  in- 
vestigation of  the  principles  on  which  social  progress  de- 
pends. After  a  thorough  grounding  in  the  fundamental 
facts,  the  student  is  expected  to  observe  the  social  phe- 
nomena about  him  and  to  study  the  various  problems  in  an 
I  independent  manner.     Inasmuch  as  sociology  Is  a  science 

!  of  recent  birth  and  its  theories  are  constantly  expanding, 

}  much  of  the  class- work  consists  of  lectures  and  theses.    The 

following  subjects  are  offered : 

I.  Principles  of  Sociology  SmaJl  and  Vincent;  Gid- 
dings;  Kidd's  Social  Evolution.  Lectures;  debates;  theses. 
[Elective  for  agricultural  seniors.]* 

IL  Social  Problems,  Study  of  crime,  suicide,  insanity, 
pauperism,  charities,  temperance,  socialism,  education,  etc. 
Discussion;  theses.  [Elective  for  agricultural  seniors  who 
have  taken  I  and  Philosophy  IV.] 

III.  Social  Philosophy.  Lectures  on  social  theories,  old 
and  new,  and  on  the  aims  of  society.  Discussions;  theses. 
[Elective  for  agricultural  seniors  who  have  taken  I  and  II.] 


The  work  of  this  department  is  intended  to  furnish  an 
acquaintance  with  philosophic  thought,  to  afford  a  training 
in  the  methods  of  investigating  philosophic  phenomena,  and 
to  imbue  the  student  with  the  latest  methods  of  education. 
Special  attention  is  given  to  physiological  psychology.  The 
work  in  this  subject  is  illustrated  by  charts  and  models  of 
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the  brain  and  sense  organs  and  by  the  introduction  of  vari- 
ous experiments.  In  teaching  logic  more  time  than  formerly 
is  given  to  inductive  reasoning,  as  a  perfect  knowledge  of 
this  form  is  especially  helpful  to  scientific  students  and  to 
those  intending  to  do  research  work  in  philosophy. 

I.  Psychology^  Introductory.  James^  Briefer  Psychol- 
ogy, or  Titchener's  Outlines  of  Psychology.  Collateral 
Readings.  The  purpose  of  this  course  is  to  give  the  student 
insight  into  the  principal  psychological  conceptions  and 
methods,  and  practice  in  simple  psychological  experimenta- 
tion.    [Required  of  agricultural  juniors."]' 

II.  Psychology,  Advanced.  Investigation  of  special 
topics.  Reading,  observation,  experiment.  [Elective  for 
those  students  who  have  taken  I;  winter  term;  five  times 
a  week.  J* 

III.  Logic.  Jevons-Hiirs  Elements  of  Logic  as  text, 
with  Fowler,  Bain,  Sidgwick,  and  others  for  reference. 
Treatment  of  the  proposition,  immediate  and  mediate  infer- 
ence, the  hypothesis,  arguments,  and  fallacies.  Special  at- 
tention to  the  principles  and  methods  of  induction.  [Elec- 
tive for  agricultural  seniors.] 

IV.  Ethics.  Markenzie's  Manual  of  Ethics,  or  Muir- 
head's  Elements  of  Ethics.  Lectures  and  discussions  with 
readings  from  Plato,  Aristotle,  Kant,  Mill,  Spencer,  and 
others.  A  critical  examination  of  diiferent  ethical  theories, 
cheifiy.  Hedonism,  ancient  and  modern;  Rigorism;  and  Evo- 
lutionary rtilitananism.  [Elective  for  juniors  and  seniors; 
spring  term;  five  times  a  week.]' 


BIOIX>OT, 

The  department  of  biology  as  at  present  organized  in- 
cludes botany,  zoology  and  physiology. 

Even  in  the  introductory  courses  laboratory  work  is 
made  a  prominent  feature  in  order  that  from  the  first  stu- 
dents mav  become  self-reliant. 
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The  equipment  of  the  department  has  been  adequate 
to  the  demands  made  upon  it,  and  as  new  necessities  arise  in 
connection  with  the  several  courses,  they  will  be  supplied 
as  far  as  possible  from  the  resources  at  command. 

One  of  the  two  rooms  of  the  department  is  a  convenient 
lecture  room  having,  among  its  other  equipments,  a  lantern 
with  microscope  attachment.  This  enables  the  instructor  to 
illustrate  on  the  scheen  by  both  lantern  aid  microscope 
slides  the  subject  under  discussion. 

The  laboratory  is  large  and  well  lighted,  and  is  fur- 
nished with  working  tables  and  desks.  The  following  sub- 
jects are  offered  : 

BOTANY. 

I,  II,  III.  General,  The  purpose  of  this  introductory 
course  is  to  give  a  general  view  of  the  entire  field.  The  work 
progresses  from  the  simplest  plants  to  the  more  specialized 
forms.  The  first  and  second  terms  are  devoted  to  the  mor- 
phology and  physiology  of  plants,  and  the  third  term  to  the 
ecology  and  classification  of  phanerogams.  [Required  of 
agricultural  freshmen.] 

IV,  V.  Histology  and  Physiology.  A  course  in  histology 
and  experimental  physiology  of  the  higher  plants,  together 
with  a  consideration  of  some  of  the  special  problems  of  plant 
reproduction  and  morphology.  [Elective  for  agricultural 
seniors.^ 

VI.  Mycology.  Fungi  in  general,  but  with  special  at- 
tention paid  to  those  of  economic  importance.  [Elective 
for  agricultural  seniors.] 

ZOOLOGY. 

I,  II,  III.  General.  The  aim  is  to  acquaint  the  student 
with  the  main  facts  of  animal  structure,  physiology,  and 
classification  by  means  of  lectures,  laboratory  work  on  typi- 
cal animal  fbrms,  and  prescribed  readtng.  It  is  a  prerequi- 
site for  the  other  courses  in  Zoology.  [Required  of  agricul- 
tuml  sophomores.] 
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IV,  V.  Comparative  Anatomy  of  Vertebrates.  A  study 
of  the  principal  problems  connected  with  the  successive 
modification  of  the  different  organs  in  the  several  classes  of 
animals.    [Elective  for  all  who  have  taken  I,  II,  and  III.] 

VI.  Microscopical  Anatomy.  Microscopical  technique^ 
methods  of  investigation,  and  the  preparation  of  sections  of 
normal  vertebrate  tissues.  [Elective  for  agricultural  sen- 
iors.] 

PHYSIOLOGY. 

I.  Physiology  and  Hygiene.  This  course  assumes  on  the 
part  of  the  student  such  general  knowledge  of  the  human 
body  as  is  provided  in  the  grammar  grades  of  our  best  public 
schools.  The  course  aims  to  review  the  more  important  sub- 
jects to  consider  the  problems  of  hygiene  that  are  of  special 
interest  to  all  students.  [Repuired  of  preparatory  agricul- 
tural students.] 


AORICUIiTURE. 

The  instruction  in  agriculture  aims  to  give  the  student 
the  greatest  possible  knowledge  of  the  science  of  agricul- 
tural practice  in  the  time  given.  The  larger  part  of  the  in- 
struction is  by  lectures.  Where  text-books  are  used,  they 
are  supplemented  by  lectures,  keeping  the  student  abreast 
of  the  times. 

Up  to  the  senior  year,  as  often  as  the  other  work  will 
permit,  students  are  required  to  work  in  the  green-house  or 
upon  the  agricultural  grounds  or  experiment  farm  two  hours 
each  afternoon.  As  far  as  possible,  the  work  is  made  to  il- 
lustrate the  branch  being  taught;  The  agricultural  mu- 
seum furnishes  material  with  which  to  illustrate  the  study 
of  farm,  crops  and  the  agricultural  productions  of  the  world. 

Jn  the  work  upon  the  farm  and  the  instruction  in  the 
clas3-room,  the  methods  and  results  of  the  Experiment  Sta- 
tion are  always  before  the  student.  These  will  afford  him 
much  general  information  regarding  the  practice  of  agricul- 
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tore  in  this  region,  and  will  give  him  an  insight  into  the  way 
by  which  important  facts  are  deduced  from  the  mass  of 
daily  ohseri^ations  and  notes.  The  following  snbjects  are 
required:    . 

I.  History  of  Agriculture.  Taught  by  lectures  and  refer- 
ence books,  such  as  Goss's  Principles  of  Plant  Culture,  and 
Johnson's  How  Plants  Grow,  and  How  Plants  Peed.  A 
brief  outline  of  the  history  of  agriculture,  followed  by  a 
thorough  course  in*  the  principles  of  plant  cultivation  and 
growth,    [Required  of  agricultural  sophomores.]* 

II  SoiUy  Tillage,  and  Fertilizers.  Taught  by  lectures 
and  reference  books,  such  as  King's  The  Soil,  and  Storer's 
Agriculture.      [Required  of  agricultural  sophomores.] 

III.  Farm  Crops.  Lectures.  Planting,  irrigating,  har- 
vesting, and  marketing;  laying  out  and  improving  farms; 
farm  management  and  farm  accounts.  The  students'  prac- 
tice will  include  setting  up  and  running  farm  machinery, 
planting  and  irrigating  crops  properly.  [Required  of  agri- 
cultural sophomores.] 

IV,  V.  Breeds  of  Live  Stock.  Curtiss's  Breeds  of  Live 
Stock,  Warfield's  Cattle  Breeding,  and  Miles'  Stock  Breed- 
ing, supplemented  by  lectures  and  practice  in  judging  by 
scale  of  points.     [Required  of  agricultural  juniors.] 

VI.  Stock  Feeding  and  Dairy  Management.  Armsby's 
Cattle  Feeding,  Henry's  Cattle  Feeding,  and  lectures.  [Re- 
quired of  agricultural  juniors.] 


HORTICUIiTUBE. 

The  instruction  in  this  department  aims  to  give  the  stu- 
dent a  good  gAieral  foundation  in  the  science  of  gardening, 
plant  cultivation,  fruit  raising,  landscape  and  ornamental 
gardening.  During  the  spring  term  of  one  year,  two  hours 
of  laboratory  work  each  week  in  the  multiplication  of  plants, 
grafting,  budding,  and  making  cuttings  are  required.  The 
following  subjects  are  offered : 
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I.  Plant  Forcing.  Study  of  greeii-houses  and  hot-beds, 
and  of  the  cultivation  and  propagation  of  vegetables  and 
small  fruits.    Lectures.     [Required  of  agricultural  juniors.] 

II.  Pomology.  Pruning,  grafting,  budding,  cuttings, 
and  ore  Harding.  Lectures.  [Required  of  agricultural  ju- 
niors.]" 

III.  Landscape  and  Ornamental  Gardening.  Lectures 
f  Elective  for  agricultural  seniors.]   . 

IV.  Thesis  Work.  Pollination,  cross  fertilization,  vari- 
ation, or  other  advanced  subject.  [Elective  for  agricultural 
senioi^s.*]* 


ENTOMOLOGY. 

This  department  aims  to  give  the  student  an  insight 
into  insect  life,  and  to  afford  some  knowledge  of  economic 
entomology  through  the  study  of  injurious  insects  and  tht 
means  for  their  extermination.  The  following  subjects  are 
required. 

I.  Elementary,  Packard's  Entomology,  with  Comstock 
for  reference.  Lectures.  [Required  of  Agricultural  jun- 
iors.] 

II.  Economic  Entomology.  Smith's  Economic  Entomol- 
ogy^ supplemented  by  lectures.  [Required  of  agricultural 
juniors.]* 


IRRIOATIOIf. 

The  object  of  this  department  is  to  give  a  general  idea 
of  the  principles  of  irrigation  practice  and  water  measure- 
ment. 

I.  Principles.  Effects  of  water  on  soil  and  crops,  and 
measurement  of  water.  Wilson's  Irrigation  Engineering, 
l-^et'tures,  reference  readil*^,  and  practical  work.  [Required 
of  agricultural  juniors.] 
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The  work  of  all  courses  in  the  department  of  chemistry 
is  experimental  and  inductive  so  far  as  consistent  with  the 
acquirement  of  the  necessary  amount  of  general  informa- 
tion. Students  are  from  the  first  encouraged  to  work  inde- 
pendently on  lines  of  investigation  in  which  they  are  spe- 

ciallv  interested. 

•f 

The  department  of  chemistry  occupies  four  rooms  in 
the  south  end  of  the  Main  Building.  One  room  contains  the 
anal^-tical  balances  and  the  chemical  reference  library,  the 
second  is  devoted  to  the  experimental  work  of  the  Wyoming 
Agricultural  Experiment  Station,  the  third  is  a  lecture  room, 
and  the  fourth  and  largest  room  is  fitted  up  'for  the  classes 
in  qualitative  and  quantitative  analysis.  The  department 
is  well  equipped  with  apparatus  for  research  and  analytical 
work  in  organic  and  inorganic  chemistry.  The  following 
subjects  are  offered: 

I,  II.  Elementary.  Storer  and  Lindsay.  The  aim  of 
this  course  is  to  give  students  a  knowledge  of  the  laws 
of  chemical  change,  a  practical  familiarity,  with  the 
principal  elements  and  compounds,  and  skill  in  the  manipu- 
lation of  apparatus.  [Required  of  agricultural  and  mechan- 
ical sophomores.] 

III.  Qualitative  Analysis.  CaldwelPs  Qualitative  Anal- 
ysis. Students  acquire  the  ability  to  detect  the  ordi- 
nary acids  and  bases  in  any  substance.  [Required  of  agri- 
cultural and  mechanical  sophomores.] 

IV.  Quantitative  Analysis.  Caldwell  and  Fresenius. 
Twenty  simple  gravimetric  and  volumetric  determJ nations. 
[Elective  for  students  tvho  have  taken  III.] 

VI.  Inorganic  Preparations.  Erdmann's  Anleitung  zur 
Darstellung  chemischer  Praparate.  Preparation  of  a  num- 
ber of  difiicult  compounds  and  elements.  [Open  to  students 
who  have  taken  III ;  spring  term;  laboratory  work  ten  hours 
a  week.] 

-(2) 


18  Wyoming  Agt'icultural  CoUege. 

VII.  Organic  Chemistry.  Bemsen'B  Organic  Chemistry. 
Lectures  and  recitations  on  the  compounds  of  carbon.  [Re- 
quired of  agricultural  juniors;  fall  term;  five  times  a  week.j" 

VJII.  Organic  Preparations.  Gatterman;  Practical 
Methods  in  Organic  Chemistry.  [Open  to  students  who  have 
taken  VII;  winter  term;  laboratory  work  ten  hourp  a  week.] 

XI.  Agricultural  Chemistry.  The  chemistry  of  plant 
growth,  and  the  application  of  chemical  principles  to  prac- 
tical agriculture,  with  special  reference  to  the  problems  of 
the  arid  region.  [Required  of  agricultural  juniors;  winter 
term;  lectures  three  hours  and  laboratory  work  four  hours 
a  week.] 

XII.  Applied  Chemistry.  Lectures  on  chemical  pro- 
cesses and  manufacturers  not  included  in  metallurgy,  and  on 
methods  of  analysis  and  control.  Most  attention  is  paid  to 
subjects  of  practical  importance  in  Wyoming;  such  as  petro- 
leum and  its  products;  coal,  gas,  and  coke;  building  stone 
and  cements;  alkalies  and  acids;  beet  sugar;  glass;  air  and 
water  supply.    [Required  of  mechanical  juniors.] 


OEOIX>OT. 

Most  of  the  instruction  in  this  department  is  given  by 
lectures,  but  text-books  are  used  for  reference  together  with 
the  latest  geological  reports. 

The  location  of  the  Agricultural  College  is  exceptionally 
advantageous  for  the  study  of  geology.  Only  a  few  miles 
east  of  the  Laramie  mountains  rise  nearly  2,000  feet 
above  the  campus,  while  to  the  westward  the  Medi- 
cine Bow  mountains  rise  5,000  feet.  Both  of  these 
mountain  ranges  are  mineralized,  and  mining  has  been  car- 
ried on  for  many  years.  They  furnish  rich  fields  for  the 
student  of  structural  and  dynamical  geology,  as  well  as  for 
those  who  wish  to  study  almost  new  Archean  exposures. 
Flanking  these  ranges  are  Paleozoic,  Mesozoic,  and  Cenozoic 
rocks  that  have  been  exposed  by  the  mountain  making  and 
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subsequent  erosion,  so  that  a  student-may  easily  make  him- 
self familiar  with  the  entire  series  of  Rocky  Mountains  sedi- 
mentary rocks.  The  working  collections  of  rocks  and  fossils 
in  the  department  are  not  large,  but  are  well  selected  and 
are  increasing  in  size  very  rapidly.  The  collection  of  Meso- 
zoic  invertebrates  is  very  complete  and  the  collection  of  Ju- 
rassic vertebrates  is  the  second  in  size  in  the  United  States. 
To  those  who  wish  to  study  economic  geology  special  induce- 
ments can  be  offered,  since  ores  of  economic  value  are  numer- 
ous, and  are  only  a  short  distance  away  from  the  University. 
The  plains  are  also  well  supplied  with  mines  of  coal  and 
deposits  of  clay,  gypsum,  and  building  stones. 

The  following  list  of  books  is  used  for  reference  and 
text  work  in  this  department :  LeConte,  Dana,  Geikie,  Kay- 
ser-Lake,  Lapparent,  Tarr,  Zittel,  and  Nicholson  and  Ly- 
dekker.    The  following  subjects  are  offered: 

I.  Dynamical  and  Structural.  Geological  forces,  con- 
ditions in  which  stratified  rocks  are  found,  and  general  to- 
pography. Lectures;  Le  Conte  and  Dana  as  texts.  [Re- 
quired of  agricultural  juniors.]' 

II.  MineralogicaL  Elementary  study  of  mineralogy,  in 
which  a  student  is  required  to  determine  fifty  species  of  com- 
mon minerals  with  the  blow-pipe.  Lectures;  Crosby  and 
Brush  as  texts.     [Required  of  agricultural  juniors.] 

III.  Historical.  Study  of  fossilized  life  associated  with 
stratified  rocks,  and  methods  of  determining  formations 
from  associated  fossil  life.  Lectures;  LeConte  and  Dana  as 
texts.    [Required  of  agricultural  juniors.]' 

IV.  Economic.  Study  of  the  minerals  of  economic  im- 
portance and  methods  of  preparing  them  for  the  market. 
Lectures;  Kemp  and  Tarr  as  texts.  [Elective  for  agricul- 
tural seniors.] 

V.  PaleontologicaL  Elementary  course  in  paleontology. 
Lectures;  Nicholson  and  Lydekker  as  text.  [Elective  for 
agricultural  seniors.]* 
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VI.  Advanced,  Course  arranged  to  suit  the  needs  of 
students.  One  week  in  the  field.  [Elective  for  agricultural 
seniors.]  » 

HISTORY. 

The  purpose  of  the  department  of  history  is  to  create  a 
taste  for  historical  reading  and  give  the  ability  to  compre- 
hend rightly  the  events  of  the  times  by  applying  the  experi- 
ence of  the  past  to  the  conditions  and  problems  of  today. 
The  aim  is  not  the  accumulation  of  a  mass  of  facts  and 
dates,  but  the  acquisition  of  a  right  camprehension  of  great 
historical  events. 

Text-books  are  used,  especially  in  the  preparatory 
classes;  but  the  study  of  the  assigned  lessons  is  supple- 
mented by  reading  different  authorities  on  the  same  sub- 
ject and  by  lectures.  The  historical  library  has  been  greatly 
enlarged  during  the  past  year  and  is  at  the  disposal  of  the 
students  in  this  department.  The  following  courses  are  of- 
fered : 

I.  England,  Montgomery's  English  History.  [Re- 
quired of  preparatory  students.] 

II,  III.  Mediaeval  and  Modern.  Myer-s  Mediaeval  and 
Modern  History.    [Required  of  preparatory  students.]' 

IV.  Greece.  Myers'  History  of  Greece;  Guerber's  My- 
thology.   [Elective  for  agricultural  seniors.]* 

V.  Rome.  Allen's  History  of  Rome.  [Elective  for  ag- 
ricultural seniors.] 

VI.  VII,  VII.  Middle  Ages.  Thatcher  and  Schwill. 
Lectures  and  supplementary  reading.  [Elective  for  agri- 
cultural seniors.] 

ENGLISH. 

The  aim  of  the  preparatory  work  in  this  department  is 
to  teach  the  students  to  understand  and  use  the  English  Ian- 
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guage  correctly  and  to  coultivate  in  them  a  taste  for  the  best 
literature.  A  thorough  masterj  of  English  grammar  is  re- 
quired before  entrance  to  the  Preparatory  Year. 

The  student's  work  in  literature  is  made  to  furnish  the 
occasion  as  well  as  the  material  for  the  preparation  of  es- 
says. These  essays  are  subject  to  criticism  both  in  the  class 
and  with  the  individual  writers. 

The  formal  study  of  rhetoric  is  designed  to  ground  the 
student  in  the  principles  of  English  composition  and  to  cul- 
tivate his  literary  sense  by  analytical  study. 

The  work  in  oratory  is  of  a  practical  character.  An 
effort  is  made  to  secure  reading  that  shall  be  intelligent, 
natural  and  forcible,  and  to  develop  spontaneous  expression 
from  the  mental  side.  The  student  meets  the  instructor  per- 
sonally for  rehearsal  and  criticism. 

The  following  subjects  are  open : 

I,  II,  III.  Composition  and  Rhetoric.  Constant  practice 
in  writing.  Hill's  Foundations  of  Rhetoiic.  Selections  from 
the  following  American  authors  are  read,  and  passages  are 
memorized:  Irving,  Bryant,  Longfellow,  Whittier,  Lowell, 
Holmes.  Supplementary  reading.  [Required  of  agricul- 
tural and  mechanical  preparatory  students;  three  terms;  five 
times  a  week.] 

VII,  VIII,  IX.  Literarp  Masterpieces.  Reading,  com- 
position, memorizing  selections.  The  books  prescribed  are: 
Dryden's  Palamon  and  Arcite;  Pope's  Translation  of  the 
Iliad,  Books  I,  VI,  XXII,  XXIV;  The  Sir  Roger  de  Coverly 
papers  in  the  Spectator;  Goldsmith's  Vicar  of  Wakefield; 
Scott's  Ivanhoe;  DeQuincey's  Flight  of  a  Tartar  Tibe; 
Cooper's  Last  of  the  Mohicans;  Selections  from  Tennyson's 
Idyls  of  the  King;  Hawthorne's  House  of  Seven  Gables. 
[Required  of  agricultural  freshmen;  three  terms;  once  a 

week.] 

X,  XI,  XII.    History  of  lAterature.    History  of  English 

and  American  literature.     Selected  reading;  composition; 
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recitations.  [Required  of  agricultural  sophomores  and  me- 
chanical juniors.] 

XIII,  XIV,  XV.  English  Poets.  Chaucer  and  Spenser; 
Burns,  Wordsworth,  Coleridge,  Bjron,  Keats,  Shelley;  Ten- 
nyson and  Browning.  Critical  reading  of  selected  poems 
with  study  of  the  literary  art  of  the  poets.  Comparative 
study.  Papers  on  topics  connected  with  works  readi  Read- 
ing by  the  professor  with  requisite  comments.  Special  at- 
tention is  paid  to  the  grammar  and  pronunciation  of  Chau- 
cer's works.  [Required  of  agricultural  sophomores;  three 
terms;  three  times  a  week.] 

XIX,  XX,  XXI.  Oratortf,  Study  of  selections  from 
great  English  and  American  orators.  Composition.  Recita- 
tions and  declamations  w  hich  are  subject  to  criticism  by  the 
professor  and  by  the  class.  Every  member  of  this  class  is 
required  to  deliver  in  public  one  original  oration  at  the  end 
of  each  term.  [Required  of  agricultural  and  mechanical 
seniors;  three  terms;  once  a  week.] 


MATHEMATICS. 

The  instruction  in  mathematics  aims  to  develop  the 
powers  of  mental  concentration,  to  give  facility  in  attacking 
original  problems,  and  ability  to  recognize  the  difference 
between  logical  proof  and  presumptive  evidence,  and  to 
form  in  the  students  the  habit  of  expressing  his  ideas  in  con- 
cise mathematical  language. 

All  fundamental  concepts  are  presented  in  as  many  dif- 
ferent forms  as  possible,  with  fullness  of  explanation  and 
variety  of  illustmtion,  so  that  the  student  may  thoroughly 
understand  all  the  principles  involved. 

The  following  subjects  are  required: 

I,  II,  II,  IV.  Algebra.  Wentworth,  Wells,  Taylor,  or 
Charles  Smith.  Fundamental  operations.  Fractions  and 
fractional  equations,  simultaneous  equations  of  the   first 
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degree.  Problems  involving  two  unknown  numbers,  simple 
indeterminate  equations,  involution  and  evolution.  Radical 
and  imaginary  expressions,  quadratic  equations,  ratio  and 
proportion.  [Required  of  preparatory  students  and  fresh- 
men.] 

V,  VI.  Plane  Geometry,  WeJls,  Wentworth,  Ohauvenet, 
or  Beman  and  Smith.  Much  of  the  time  is  devoted  to  solv- 
ing original  propositions,  and  when  time  permits,  some  of  the 
modern  methods  and  the  geometrical  theory  of  proportion 
are  taught.    [Required  of  freshmen.] 

VII.  Adranved  Algebra.  Well's  College  Algebra.  Pro- 
gressions, binomial  theorem,  convergent  and  divergent 
series,  undetermined  coeflBcients,  logarithms,  permutations 
and  combinations,  summation  of  series,  determinants,  the- 
ory of  equations,  solution  of  higher  equations.  [Required 
of  mechanical  sophomores.] 

IX.  Trigonometry,  Well's  New  Trigonometry.  The  de- 
velopment of  the  general  formulae  and  their  application  to 
the  solution  of  triangles,  polygons,  and  original  field  prob- 
lems. [Required  of  agricultural  juniors  and  mechanical 
sophomores.]* 

X.  Analytical  Geometry,  Wentworth's  Analytical  Ge- 
ometry. The  analytical  geometry  of  the  straight  line,  circle, 
and  conic  sections;  including  a  general  discussion  of  the 
general  equation  of  the  second  degree,  and  an  introduction 
to  the  geometry  of  three  dimensions.  [Required  of  mechan- 
ical juniors,  elective  for  agricultural  seiors.] 

XI.  XII.  Calculus.  Osborne's  Calculus.  Differentiation 
of  functions,  successive  differentiation,  indeterminate  forms, 
development  of  functions  in  series,  maxima  and  minima, 
functions  of  two  or  more  variables,  tangents,  normals, 
asymptotes,  direction  of  curvature,  singular  points,  curve 
tracing,  evolutes,  envelopes,  and  order  of  contact.  Integra- 
tion, application  to  geometry  and  mechanics,  successive  in- 
tegration, integi'ation  of  rational  fractions,  integration  by 
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rationalization,  by  parts  and  by  series,  lengths  and  areas  of 
plane  cnrves,  areas  of  surfaces  of  revolution,  and  volumes  of 
solids.  [Required  of  mechanical  juniors,  elective  for  agri- 
cultural seniors.] 


The  aims  of  this  department  are  to  cultivate  in  the  stu- 
dent habits  of  thoughtful  observation,  intelligent  and  rapid 
manipulation,  and  to  give  him  a  general  knowledge  of  natu- 
ral phenomena.  In  all  courses  the  subjects  are  studied  from 
the  experimental  side,  the  student  spending  at  least  one- 
half  of  the  time  allotted  to  the  work  in  the  laboratory  under 
the  direct  supervision  of  the  professor  in  charge. 

The  following  subjects  are  offered : 

I,  II,  III.  Elementary.  Carhart  and  Chute's  Elements 
of  Physics;  Allen's  Laboratory  Physics.  The  properties  of 
matter;  mechanics  of  solids  and  liquids.  Heat,  sound,  and 
light.    Magnetism  and  electricity.     [Required  of  freshmen.] 

IV,  V,  VI.  General,  Barker's  Physics.  Outlined  ex- 
periments with  reference  to  laboratory  manuals.  Physical 
quantities,  kinematics,  dynamics,  work  and  energy,  attrac- 
tion and  potential,  and  properties  of  matter.  Energy  of 
mass  vibration,  molecular  kinetic  energy,  radiant  energy. 
Energy  of  aether-stress,  energy  of  aether- vortices,  energy  of 
aether-flow,  and  the  electromagnetic  character  of  radiation* 
[Required  of  mechanical  juniors  and  elective  for  agricul- 
tural seniors.] 

VII.  Electric  Measurements,  Measurements  of  resist- 
ances, calibration  of  amperemeters  and  voltmeters,  calcula- 
tion of  the  electromotive  force  of  batteries  and  dvnamos, 
magnetic  determinations,  heating  effect  of  currents,  etc. 
[Elective  for  agricultural  seniors.] 
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MEGHANIOS. 

The  aim  of  the  instruction  in  this  department  is  to  give 
the  student  a  thorough  insight  into  the  general  principlet^ 
governing  prime  movers  and  mechanical  movements,  and 
acquaintance  with  the  methods  in  which  these  principlei^ 
may  be  applied  and  combined  in  order  to  produce  the  desired 
effect  in  all  branches  of  engineering.  Instruction  is  also 
given  in  subjects  which  are  rather  more  technical  than  theo- 
retical, and  the  application  of  theory  to  practice  is  never 
lost  sight  of.  The  work  is  fully  illustrated  by  frequent  ref- 
erence to  the  engineering  and  mechanical  equipment  of  the 
university  and  other  available  sources. 

The  following  subjects  are  required  of  mechanical  stu- 
dents: 

I,  II.  Founding.  Lectures  on  core  making,  loam,  dry 
and  green  sand  moulding;  cast  iron;  flasks,  facing,  finishing, 
etc.;  alsoon  preparing,  charging,  tapping  out,  and  stopping 
up  the  cupola.    [Required  of  mechanical  freshmen.] 

III.  Iron  Working  Machines.  Joshua  Rose's  Complete 
Practical  Machinist.  Study  of  the  use  and  care  of  irou  ma- 
chinery, particularly  the  lathe;  speed  of  different  parts; 
screw  cutting,  turning  eccentrics,  taps  and  dies;  fitting  con- 
necting rods;  pumps,  etc.  [Required  of  mechanical  juniors; 
fall  term;  five  times  a  week.] 

IV.  Elements  of  Mechanism.  Stahl  and  Woods'  Ele- 
mentary Mechanism.  Study  of  the  elementary  principleB 
underlying  mechanical  movements  and  the  modes  of  com- 
municating motion.  [Required  of  mechanical  juniors;  win- 
ter term;  five  times  a  week.] 

V.  Steam  Boilers.  A  Treatisl^  on  Steam  Boilers,  by 
Wilson  and  Flather.  A  general  study  of  the  different  forms 
of  modern  steam  boilers,  their  construction,  advantages^ 
and. disadvantages.  [Required  of  mechanical  seniors;  fall 
term;  five  times  a  week.] 

VI.  Steam  Engines.  The  Steam  Engine,  by  Holmes.  The 
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mechanism  and  principles  brought  into  ose  in  the  design  of 
the  modern  steam  engine.  Gidding's  adjustable  model  for 
universal  valve  movements  is  used  in  the  class  room.  Care- 
ful study  is  also  made  of  working  engines.  [Required  of  me- 
chanical seniors;  fall  term;  five  times  a  week.] 

VII.  Steam  Engine  Indicators,  The  Slide  Valve,  by 
Rose,  and  Hemenway's  Steam  Engine  Indicators.  As  many 
different  engines  are  tested  as  time  will  permit.  [Required 
of  mechanical  seniors;  winter  term;  five  times  a  week.] 

VIII.  Engineering  Materials,  Merriman's  Mechanics  of 
Materials.  Theory  of  resistance  of  different  materials,  and 
study  of  those  principally  used  in  engineering,  especially 
brick,  stone,  timber,  iron,  and  steel.  [Required  of  mechani- 
cal seniors;  winter  term;  five  times  a  week.] 

IX.  Hydraulics.  A  Treatise  on  Hydraulics,  by  Merri- 
man.  The  flow  of  water  through  tubes,  in  pipes,  canals, 
rivers,  and  over  weirs;  measurement  of  water  power  and 
pressure  of  flowing  water.  [Required  of  mechanical  seniors; 
spring  term;  five  times  a  week.] 

X.  Thermodynamics  of  Oases,  A  study  of  the  proper- 
ties of  gases,  saturated  vapor,  and  superheated  steam,  and 
their  application  to  the  steam  engine.  [Elective  for  me- 
chanical seniors;  spring  term;  five  times  a  week.] 


DRAWING. 

The  aim  of  the  department  of  drawing  is  to  develop  and 
quicken  the  ability  of  observation  and  to  follow  as  closely  as 
possible  the  line  of  work  done  in  the  practical  drafting 
rooms  of  machine  shops. 

The  following  subjects  are  required: 

I.  Freehand  Drawing.  Drawing  from  models  and  cop- 
ies, with  which  the  department  is  well  supplied.  [Required 
of  agricultural  freshmen,  and  bf  mechanical  preparatory  ^tu- 
dents.]* 

II.  Freehand  Drawing,     Sketching  parts  of  machines 
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to  be  used  in  instrumental  drawing.     [Required  of  agricul- 
tural fresmen,  and  of  mechanical  preparatory  students.] 

III.  (se  of  Instruments.  A  short  course  in  straight  and 
curved  lines  and  lettering.  [Required  of  agricultural  fresh- 
men and  of  mechanical  freshmen.] 

IV.  Geometrical  Constructions,  Geometrical  problems 
used  in  instrumental  drawing.  [Required  of  mechanical 
freshmen.] 

V.  Descriptive  Qeometry,  An  elementary  course  in  pro- 
jection.    [Required  of  mechanical  freshmen.] 

VI.  VII.  Instrumental  Drawing*  Detailed  copies  of 
parts  of  machines.  Drawing  to  scale  of  parts  of  machines 
from  sketches  taken  in  the  «hops  by  the  students.  [Re- 
quired of  mechanical'  sophomores.] 

VIII,  IX.  Shades  and  Engineering  Colors,  Drawing  and 
tinting  machines  and  parts  of  machines.  [Required  of  me- 
chanical sophomores  and  juniors.] 

X.  Pat^ts  of  Machines.  Designing  gears,  cams,  and 
parts  of  machines  which  apply  to  the  study  of  Mechanics  II. 
[Required  of  mechanical  juniors.] 

XI.  Blue  Prints.  Tracing  and  making  drawings  to  be 
used  in  the  shops.    [Required  of  mechanical  juniors."]* 

XII.  Machine  Designing.  Designing  a  boiler  or  some 
simple  machines;  the  design  to  be  as  original  as  possible. 
[Required  of  mechanical  seniors.] 

XIII.  Steam  Engine  Drawing.  This  subject  is  to  accom- 
pany the  w^ork  in  Mechanics  V  and  VI.  [Required  of  me- 
chanical seniors.] 


INDUSTRIALS. 

This  department  is  intended  to  simplify  mechanical  en- 
gineering by  teaching  practical  work  in  connection  with  the 
theory.  Jt  aims  also  to  present  the  practical  side  of  produc- 
tion by  running  the  machine  shops  as  nearly  as  possible  on 
the  principle  of  actual  manufacturing  establishments. 
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I,  II.  Wood  Working.  Lectures  on  the  care  and  manage- 
ment of  carpenters'  tools;  exercises  in  lining,  planing,  saw- 
ing, notching,  splicing,  mortising,  and  tenoning.  Bench 
work  in  wood;  exercises  in  dovetailing,  framing,  paneling, 
and  special  work  for  the  departmeiit.  [Required  of  agricul- 
tural and  mechanical  preparatory  students.]' 

III.  Wood  Turning.  Exercises  in  straight  and  curved 
turning,  compound  curves,  etc.  [Required  of  agricultural 
and  mechanical  preparatory  students.] 

IV.  Pattern  Making.  A  large  variety  of  patterns,  in- 
cluding parts  of  machines,  are  made  for  use  in  the  foundry. 
[Re<piired  of  mechanical  freshmen.]* 

V.  VI.  Foundry  Practice, ,  Exercises  in  moulding,  pour- 
ing, charging,  and  managing  the  cupola.  The  castings  ob- 
tained are  used  by  the  students  in  the  machine  room.  [Re- 
quired of  mechanical  freshmen.] 

VII.  Iron  Work.  Exercises  in  filing  and  chipping,  and 
the  use  of  the  drill  press.  [Required  of  mechanical  sopho- 
mores.] 

VIII.  Iron  Planing.  Exercises  and  special  work.  [Re- 
quired of  mechanical  sophomores.] 

IX.  The  Engine  Lathe.  An  elementary  course;  taper- 
ing, screw  cutting,  etc.  [Required  of  mechanical  sopho- 
mores.] 

X.  The  Engine  Lathe,  Advanced.  Special  work;  turning 
up  parts  of  machines,  and  work  for  the  department.  [Re- 
quired of  mechanical  juniors.]* 

XI.  Milling.  Exercises  in  milling,  sawing,  gear  cut- 
ting, spiral  cutting,  and  work  on.  parts  of  machines.  [Re- 
quired of  mechanical  juniors.] 

XII.  Engineering  Laboratory.    Testing  the  eflficiency  of 

boilers,  and  inspection  visits.     [Required  of  mechanical  ju- 
niors.] 

XIII.  Engineering  Laboratory.  Testing  steam  engines, 
learning  the  principles  and  operation  of  the  steam  engine 
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indicator  and  rigging;  inspection  visits.     [Required  of  me- 
chanical seniors.] 

XIV.  Sfiop  Engineering,  General  work  in  shop  man- 
agement, lining  shaftings,  and  setting  machines;  inspection 
visits.    [Required  of  mechanical  seniors.] 

XV.  Experimental  Lahoratory.  A  thesis  is  produced  in 
connection  with  experimental  work.  [Required  of  mech- 
anical seniors.]' 

Special  subjects  of  experiment  are  arranged  for  those 
who  have  taken  the  baccalaureate  of  science  in  mechanics 
and  wish. to  take  graduate  work. 


mUTART  SCIENCE  AND  TACTICS. 

The  department  of  Military  Science  and  Tactics  is  es- 
tablished in  accordance  with  the  requirements  of  an  act  of 
Congress  donating  public  lands  to  colleges,  one  of  the  con- 
ditions being  that  military  tactics  shall  be  taught.  It  is 
under  the  control  of  an  officer  of  the  regular  army,  detailed 
by  the  War  Department  for  its  duty,  without  any  expense  to 
the  State,  under  the  provisions  of  Section  1225,  Revised 
Statutes  of  the  United  States.  One  hundred  and  fifty 
Springfield  rifies  (cadet  pattern;  similar  to  those  used  at 
West  Point)  and  equipments,  and  canon  and  sabres  for 
artillery  and  cavalry  practice,  are  loaned  to  the  college  by 
the  U.  S.  Ordnance  Department.  An  allowance  of  ammu- 
nition is  annually  supplied  by  the  general  government  for 
purposes  of  target  practice.  All  students  are  required  to 
drill  throughout  the  year.  The  cadet  officers  are  appointed 
by  the  commandant  of  cadets,  subject  to  the  approval  of  the 
President.  The  commissioned  officers  are  usually  selected 
from  the  senior  class,  the  sergeants  from  the  junior  class, 
,  and  the  corporals  from  the  sophomore  class,,  general  merit 
and  military  efficiency  being  the  qualifications  considered. 

Besides  obtaining  the  excellent  physical  results  which 
follow  systematic  and  regular  military  training,  the  morale 
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of  the  students  will  thus  be  improved.  The  virtues  of  pa- 
triotism, honor,  and  truthfulness  are  cultivated,  and  habits 
of  neatness,  promptness,  and  obedience  are  insisted  upon. 
The  rules  prescribed  by  the  President  of  the  I'nited 
States  for  the  government  of  officers  of  the  army  detailed  as 
Professors  of  Military  Science  and  Tactics  require  the  fol- 
lowing course  of  instruction : 

1.  The  course  of  instruction  shall  be  both  practical 
and  theoretical,  and  shall  be  so  arranged  as  to  occupy  at 
least  one  hour  per  week  for  theoretical  instruction,  and  at 
least  two  hours  per  week  for  practical  instruction. 

2.  The  practical  course  in  infantry  shall  embrace 
small-arm  target  practice,  and,  afe  far  as  possible,  all  the 
movements  prescribed  by  the  drill  regulations  of  the  United 
States  army  applicable  to  a  battalion.  Instruction  in  artil- 
lery shall  embrace,  a«  far  as  practicable,  such  portions  of 
the  United  States  drill  regulations  as  pertain  to  the  forma- 
tion of  detachments,  manual  of  the  piece,  mechanical  ma- 
neuvers, aiming  drill,  saber  exercise,  and  target  practice. 
Instruction  should  also  include  the  duty  of  sentinels,  and 
where  practicable,  castrametation.  Such  instruction  shall 
be  given  by  the  Professor  of  Military  Science  and  Tactics 
personally,  or  under  his  immediate  supervision. 

3.  Theoretical  instruction  shall  be  by  recitations  and 
lectures  personally  conducted  and  given  by  the  Professor 
of  Military  Science  and  Tactics,  and  shall  include,  as  far  as 
practicable,  a  systematic  and  progressive  course  in  the  fol- 
lowing subjects:  The  drill  regulations  of  the  United  States 
army,  the  preparation  of  the  usual  reports  and  returns  per- 
taining to  a  company,  the  organization  and  administration 
of  the  United  States  army,  and  the  elementary  principles 
governing  in  the  art  of  war. 

The  military  department  shall  be  subject  to  inspection 
under  the  authority  of  the  President  of  the  United  States; 
such  inspection  shall  be  made,  when  practicable,  near  the 
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close  of  the  college  year.  The  inspecting  officer  shall,  upon 
his  arrival  at  the  institution,  report  to  the  President  or 
other  administrative  officer  in  order  to  obtain  from  him  the 
necessary  facilities  for  the  performance  of  his  duty.  A  copy 
of  the  report  of  inspection  will  be  furnished  the  President 
of  the  institution  by  the  War  Department. 

Military  drill  has  become  a  feature  of  all  the  courses  in 
the  University  and  it  is  required  that  all  students  appear  at 
the  drill  in  uniform.  Students  are  advised  to  come  to  the 
college  without  specially  providing  themselves  with  new 
clothes  and  to  arrange  to  wear  the  cadet  uniform  habitually 
while  at  college. 

The  cost  of  the  uniform  is  about  f  18.00.  The  grade  of 
suiting,  including  the  cap,  wears  well  and  proves  to  be 
economical. 

All  male  students  are  expected  to  provide  themselves 
with  uniforms.  It  consists  of  a  blouse,  trousers,  and  cap, 
modeled  after  the  West  Point  uniform,  with  raised  gilt  but- 
tons. 

COURSE  IN  MILITARY  SCIENCE. 

Practical. — Cadets  are  divided  into  two  classes.  First 
Year  and  Subsequent  Year  Cadets. 

For  all  cadets:  Practical  instruction  comprises  the 
schools  of  the  soldier,  squad,  and  company  in  nor- 
mal and  extended  order  (Infantry  Drill  Regula- 
tions), guard  mounting  and  guard  duty,  gallery  and 
range  target  practice. 

For  Subsequent  Year  Cadets :  In  addition  to  the  above 
comprises  artillery  drill,  saber  exercise,  and  mili- 
tary signaling  with  flag  and  heliograph. 

Theoretical. — Cadets  are  divided  into  four  classes.  The 
winter  term  is  especially  devoted  to  this  instruc- 
tion, which  includes  the  following: 

First  Year  Cadets:  Infantry  Drill  Regulations,  includ- 
in  the  schools  of  the  soldier,  squad,  and  company, 
in  normal  and  extended  order. 

Second  Year  Cadets :    School  of  the  battalion  and  cere- 
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monies  (Infantry  Drill  Regulations),  and  U.  S.  Man- 
ual of  Guard  Duty. 

Freshman  Class:  "Elements  of  Military  Science," 
Pettit. 

Sophomore  Class:  U.  S.  Army  Regulations,  muster 
rolls  and  returns,  etc..  Military  Law,  and  State 
Laws  relating  to  the  National  Guard. 

The  corps  of  cadets  has  this  year  been  divided  into  two 
companies,  with  the  commandant  acting  as  major.  The 
number  of  young  men  in  the  drill  has  been  seventy-seven. 


THE  UBRART. 

The  library,  which  is  also  the  general  reading  room  of 
the  University,  is  situated  on  the  second  floor,  in  the  north 
wing  of  the  main  building.  This  is  a  large,  well-  lighted  and 
ventilated  apartment.  The  college  students  use  this  room 
during  vacant  hours  from  8:30  a.  m.  to  12  m.,  and  from  1  to 
3:15  p.  m. 

The  students  at  all  times  during  the  day,  for  five  days 
in  the  week,  have  free  access  to  all  the  books  and  periodi- 
cals. Three  volumes  may  be  taken  by  any  one  individual 
and  kept  from  the  shelves  for  a  period  of  two  weekes;  Books 
reserved  at  the  instance  of  professors  ac  collateral  reading 
for  their  courses  are  shelved  in  their  respective  rooms,  and 
can  be  taken  out  only  on  application  to  such  professors,  who 
are  responsible  for  them  during  the  period  of  their  reserva- 
tion. 

The  library  contains  7,000  bound  volumes,  and  in  ad- 
dition several  thousand  unbound  bulletins  and  reports  on 
agricultural  scientific  subjects. 

There  have  been  added  to  the  University  library,  dur- 
ing the  fiscal  year  1898-99,  800  bound  volumes  and  1,000 
pamphlets,  including  Experiment  Station  bulletins  and  pub- 
lications from  the  Department  of  Agriculture  at  Washing- 
ton, D.  C. 
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The  following  agricultural  papers  and  Wyoming  news- 
papers are  sent  to  the  University: 


Arkansas — 

Farmer. 
California — 

Press  and  Horticulturist. 

The  Call. 

West  American  Science. 
Colorado — 

Farmer. 

The  Field  and  Farm. 
Georgia — 

The  Southern  Cultivator. 
Illinois — 

Prairie  Farmer. 

Orange  Judd  Farmer. 

Farmer's  Review. 

The  farmer's  Magazine. 

The  Elgin  Dairy  Report. 

Irrigation  Age. 
Indiana — 

Clover  Leaf. 
Iowa — 

-Iowa  Homestead. 
Kansas — 

Farmer. 
Kentucky — 

The  Industrial  American. 
Louisiana — 

Planter. 
Maryland — 

Farmer. 

Southern  State. 

Baltimore  Weeklv  Sun. 
3fa8sa<*husetts — 

Farm  and  Home. 

Ploughman. 

Our  Orange  Home. 

American  Cultivator. 

New  England  Farmer. 
Michigan — 

Grange  Visitor. 


Missouri — 

National  Dairyman. 
Nebraska — 

Western  Resources. 
New  Hamsphire — 

Mirror  and  Farmer. 
New  Mexico — 

Southwestern    Farm    and 
Orchard. 
New  York — 

American  Agriculturist. 

Rural  New  Yorker. 

Sugar  Trade  Journal. 
Ohio- 
American  Grange  Bulletin. 
Ontario- 
Farmers'  Advocate. 
Pennsylvania — 

Germantown  Telegraph. 

Public  Ledger,  daily. 
Virginia — 

Southern  Planter. 

The  Progressive  South. 
Washington — 

Northwest  Mining  Review. 
Wisconsin — 

Hoard's  Dairyman. 
State  Papers — 

Bill  Barlow's  Budget. 

Boomerang. 

Carbon  County  Journal. 

Central  Wyoming  News. 

Cheyenne  Tribune. 

Fremont  County  Gazette. 

Laramie  Times. 

Newcastle  News-Journal. 

News-Register. 

Otto  Courier. 

Rock  Springs  Independent 

Rock  Springs  Miner. 
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Saratoga  Lyre. 
Saratoga  Sun. 
Sheridan  Journal. 
Sheridan  Post. 


Sun-Leader. 
Wheatland  World. 
Wyoming  Press. 


The  scientific  and  general  periodicals  taken    by  the  li- 
brary and  kept  on  the  tablese  of  the  reading  room  are: 


Agricultural  Science. 

American  Gardening. 

American  Geologist. 

Ajuerican  Historical  Review 

American  Journal  of  Mathe- 
matics. 

American  Journal  of  Science 

American  Machinist. 

American  Naturalist* 

Arena. 

Art  Interchange. 

Asa  Gray. 

Atlantic  Monthly. 

Auk. 

Berichteder  Deutschen 
f^hemischen  Gesellschaft, 

Biologisches  Central-Blatt. 

Book  News. 

Botanical  Gazette. 

Bulletin  of  the  Torrev  Bo- 

ft. 

tanical  Club. 
Carpenter  and  Builder. 
Cassier's  Magazine. 
Centurv. 
Cosmopolitan. 
Cumulative  Index. 
Die  Garten-laube. 
Education, 
Educational  Review. 
Electrical  World. 
Engineering  Magazine. 
Engineering  Record. 
Erythea. 
Etude. 
Fern  Bulletin. 


Fliegende  Blaetter. 

Forum. 

Garden  and  Forest. 

Germania. 

Great  Round  World. 

Harper's  Monthly. 

Harper's  Weekly. 

Home  Studv. 

Journal  of  the  Society  of 

Chemical  Industry. 
Journal  of  the  American 

Chemical  Societv. 
Journal  of  the  British 

Chemical  Societv. 
KunkeFs  Musical  Review. 
Literary  Digest. 
Meehan's  Magazine. 
Metal  Worker. 
Microscope. 
Microscopical  Journal. 
Mining  and  Scientific  News. 
Monist. 
Nation. 
Nature. 

North  American  Review. 
Outlook. 

Philosophical  Review. 
Photographic  Times. 
Phvsical  Review. 
Plant  World. 
Political  Science  Monthly. 
Popular  Science  Monthly. 
Power. 

Psvcholocrical  Review. 
Public  Libraries. 
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Quarterly  Journal  of  Pure  Sociology. 

and  Applied  Mathematics  Studio. 

Beview  of  Reviews.  St.    Louis    and   Canadian 
Science  Photographer. 

Scientific  American  and  Sup-  Terrestrial  Magnetism. 

plement.  Young  Men's  Era. 

Scribner.  Western  Electrician. 

The  University  now  uses  the  Dewey  Decimal  Card  Cata- 
logue system,  and  in  addition  to  the  regular  cards  has 
those  coming  from  the  Department  of  Agriculture  at  Wash- 
ington, containing  a  complete  list  of  publications  sent  from 
that  department  and  its  several  branches  in  connection  with 
the  Experiment  Station  work. 


TREASURER'S  REPORT. 

UNIVERSITY  OF  WYOMING. 
AGRICULTURAL  COLLEGE. 

Laramie,  Wyoming,  June  30,  1899. 
Report  of  treasurer  of  said  institution  to  the  governor 
of  the  State  of  Wyoming  of  amount  received  under  act  of 
Congress  of  August  30,  1890,  in  aid  of  College  of  Agricul- 
ture and  the  Mechanic  Arts,  and  of  the  disbursements  there- 
of, to  and  including  June  30,  1899. 

Balance  on  hand  July  1,  1898 .%  8,999.81 

Date  of  receipt  of  installment  for  1898-'99,  July  28,  1898 24,000.03 

Total  available  for  year  ending  June  30.  1899. |32,999.81 

Disbursements  thereof  for  and  during  the  year  ending 

June  30,  1899. 

Agriculture I  1,083.60 

Mechanic  Arts 2,829.37 

English  Language  3,128.60 

Mathematical  Science    1,149.29 

Natural  or  Physical  Sciences 8.816.21 

JBoonomic  Sciences   3,^03.41 

Total  expended  during  the  year $20,510.48 


Balance  remaining  unexpended  July  1, 1899  $12,489.33 

I  hereby  certify  that  the  above  account  is  correct  and 
true,  and,  together  with  the  itemized  acocunt  attached,  truly 
represents  the  details  of  expenditures  for  the  period  and  by 
the  institution  named,  and  that  said  expenditures  were  ap- 
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plied  only  to  instruction  in  agriculture,  the  mechanic  arts^ 
the  English  language,  and  the  various  branches  of  mathe- 
matical, physical,  natural,  and  economic  science,  with  spe- 
cial reference  to  their  application  in  the  industries  of  life 
and  to  the  facilities  for  such  instruction. 

John  C.  Davis,  Treasurer. 


Courses  of  Study. 


AGRICULTURAL   COURSE. 

For  explanation  of  the  Roman  numerals,  see  departmental  state- 
ments on  preceding  pages.  The  Arabic  numerals  Indicate  the  number  of 
hours  a  week.  Where  no  numeral  appears,  5  is  understood.  Two  hours 
of  laboratory,  shop  or  field  work  are  counted  as  equivalent  to  one  hour 
of  recitation  or  lecture. 

PREPARATORY   YEAR. 


FALL.  TERM. 

WINTER  TERM. 

SPRING  TERM. 

History,  I. 
English,  I. 
Mathematics,  I. 
Physiography,  I. 
Industrials,  I. 

History,  II. 
English,  II. 
Mathematics,  II. 
Physiography,  II. 
Industrials,  II. 

History,  III. 
English,  III. 
Mathematics,  III. 
Physiology,  I.                 * 
Industrials,  III. 

FRESHMAN  YEAR. 


Physics,  I. 

-Physics,  II. 

Physics,  III. 

Mathematics,  IV. 

Mathematics,  V. 

Mathematics,  VI. 

Drawing,  I,  4. 

Drawing,  II,  4. 

Drawing,  III,  4. 

German,  I. 

German,  II. 

German,  III. 

Botany,  I,  4. 

Botany,  II,  4. 

Botany,  III,  4. 

English,  VII,  1. 

English,  VIII,  1. 

English,  IX,  1. 

SOPHOMORE  YEAR. 


Zoologry.  I> 
German,  IV. 
Chemistry,  I. 
English,  Xin,  8. 
Agriculture,  I,  2. 


Zoology,  II. 
German,  V. 
Chemistry,  IT. 
English,  XIV,  8. 
Agriculture,  II,  2. 


Zoology,  III. 
German,  VI. 
Chemistry,  III. 
English,  XV,  8. 
Agriculture,  III,  2. 


JUNIOR  YEAR. 


Geologry.  I. 
Entomology,  I,  8. 
Philosophy,  I. 
Agriculture,  IV,  2. 
Chemistry,  VII. 


Geologry.  II. 
Entomology,  II,  8. 
Horticulture,  I. 
Agriculture,  V,  2. 
Chemistry,  XI. 


Geology,  III. 
Horticulture,  11,  8. 
Mathematics,  IX. 
Agriculture,  VI,  2. 
Meteorolo^,  I,  2. 
Irrigation,  I,  3. 


SENIOR  YEAR. 


Political  Science,  IV. 
English,  XIX.  1. 
Elective,  10  hours. 


English,  XX,  1. 
Elective,  15  hours. 


English,  XXI.  1. 
Elective,  15  hours. 
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For  explanation  of  the  Roman  numerals,  see  departmental  state- 
ments on  preceding  pages.  The  Arabic  numerals  indicate  the  number  of 
hours  a  week.  Where  no  numeral  appears,  5  is  understood.  Two  hours 
of  laboratory,  shop  or  field  work  are  counted  as  equivalent  to  one  hour 
of  recitation  or  lecture. 

PREPARATORY  YEAR, 


FALL.  TERM. 

WINTER  TERM. 

SPRING  TERM. 

History,  I. 
English,  I. 
Mathematics,  I. 
Drawing,  I. 
Industrials,  L 

History,  II. 
English,  II. 
Mathematics,  II. 
Drawing,  II. 
Industrials,  II. 

History,  III. 
English,  III. 
Mathematics,  III. 
Civil  Government. 
Industrials,  III. 

FRESHMAN  YEAR. 


Physics,  I. 

Physics,  II. 

1 

Physics,  III. 

Mathematics,  IV. 

Mathematics,  V. 

Mathematics,  VI. 

Drawing,  III. 
French,!,   or  German,!. 

Drawing,  IV,  8. 
Mechanics,  I,  2. 

Drawing,  V,  8. 
Mechanics^  ll,  2. 

Industrials,  IV. 

French,     II,     or 

Ger- 

French,    III,    or    Ger- 

man, II. 

man,  III. 

Industrials,  V. 

Industrials,  VI. 

SOPHOMORE  YEAR. 


Drawing,  VI. 
French,     IV,     or     Ger- 
man, IV. 
Chemistry,  I. 
Mathematics,  VII. 
Industrials,  VII. 
Bookkeeping. 


Drawing,  VII. 
French,     V,     or     Ger- 
man, V. 
Chemistry,  II. 
Mathematics,  VIII. 
Industrials,  VIII. 
Bookkeeping. 


Drawing,  VIII. 
French,    VI,    or    Ger- 
man, VI. 
Chemistry,  III. 
Mathematics,  IX. 
Industrials,  IX. 


JUNIOR  YEAR. 


Mechanics.  III. 
Mathematics,  X. 
Physics,  rv. 
Drawing,  IX. 
Industrials,  X. 
English,  X,  1. 


Mechanics.  IV. 
Mathematics,  XI. 
Physics,  V. 
Drawing,  X. 
Industrials,  XI. 
English,  XI,  1. 


Physiology   and  Hygi- 
ene. 
Mathematics,  XII. 
Physics,  VI. 
Drawing,  XI. 
Industrials.  XII. 
English,  XII,  1. 


SENIOR  YEAR. 


Political  Science,  IV. 
Mechanics,  V. 
Mechanics,  VI. 
Drawing,  XH. 
English,  XIX,  L 
Industrials,  XIIL 


Mechanics,  VII. 
Mechanics,      VIII,      or 

Mathematics,  XIII. 
Drawing,  XIII. 
English,  XX,  1. 
Industrials.  XIV. 


Mechanics,  IX. 
Mechanics, X,  or  Math- 
ematics, XIV. 
Thesis. 

English.  XXI,  1. 
Industrials,  XV. 
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UNIVERSITY  OF  WYOMING- 

LARAMIE,  WYOMING. 


REPORT  OF  THE  PRBSIDBNT  OF  SAID  INSTITUTION  TO  THR 
SBCRBTARY  OF  THB  INTBRIOR  AND  THE  SECRETARY  OF 
AGRICLLTURE,  AS  RB€|UIRED  BY  ACT  OF  CONGRESS  OF 
AL'Gt'ST  30,  1890,  IN  AID  OF  COLLEGES  OF  AGRICULTURES 
AND  THE  MECHANIC  ARTS. 


RECEIPTS  FOR  AND  DURING  THE  YEAR  ENDING  JUNE 

30,  1899. 

1.  Balance  on  hand  July  1,  1898,  over  and  above  all  indebt- 

edness (excluding  funded  debt,  if  any) 110,686.82 

2.  State  aid;   (a)  Income  from  endowment  granted  by  state 

(b)  Appropriation  for  current  expenses 7,581.45 

(c)  Appropriations  for  building  or  for  other 

special  purposes  

3.  Federtx!  a^l;   (a)  Income  from  land  grant,  act  of  July 

2,   1862 

(b)  Additional  endowment,  act  of  August 

30,  1890 24,000.00 

(c)  For  experiment  stations,  act  of  March 

2,   1887    15,000.00 

4.  Fees  »vr4  all  other  sources 950.80 

Total 158,519.07 
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EXPENDITURES  FOR  AND  DURING  THE  YEAR  ENDED 

JUNE  30.  1899. 

(Not  necessarily  a  balance  sheet  as  compared  with  Division  II  atove.) 

1.  Instruction  In  the  subjects  specified  In  Sec.  1,  act  of  Au- 

gust 30,  1890*    121,508.00 

2.  Instruction  In  all  other  subjects,  If  any,  not  mentioned 

in  Question  1  of  this  series 4,100.00 

3.  Administrative      expenses      (President's,      Secretary's, 

Treasurer's  Ltbrarlan's  salary,  clerical  service,  fuel, 

Ught,  etc.)5    3,300.00 

4.  Experiment   Station    15,470.90 

Total 144,378.90 

PROPERTY,  YEAR  ENDED  JUNE  30,  1890. 

Value  of  all  buildings,  |111,540;  of  other  equipment,  |46,500. 

Value  of  above  property  (an  estimate  only  is  expected)  not  used  for 
instruction  in  the  subjects  specified  in  section  1  of  act  of  Au- 
gust 30, 1890,  Buildings  (all  used);  of  other  equipment,  |16,0OO. 

Total  number  of  acres,  396;  acfres  under  cultivation,  180;  acres  used 
for  experiments,  180;  value  of  farm  lands,  |10,600;  amount  of 
all  endowment  funds,  none. 

Number  of  bound  volumes,  June  30,  1899,  7,000;   pamphlets,  4,800. 


FACULTY  DURING  THE  YEAR  ENDED  JUNE  30,  1899. 

1.  College  of  Agriculture  and  Mechanic  Arts; 

Male.    Female. 

(a)  Preparatory  classes  10  3 

(b)  Collegiate  and  special  classes 10  3 

(c)  Total,  counting  none  twice 10  3 

2.  Number  In  all  other  departments  (excepting  dupli- 

cates    3  1 

3.  Number  of  staff  of  Experiment  Station 6  1 

•The  answer  to  this  question  will  include  not  only  the  amount  re- 
ceived under  the  act  of  August  30,  1890  ("Morrill  Act"),  but  also  all 
amounts  that  are  expended  for  the  subjects  specified  in  that  act,  irre- 
spective of  the  character  of  the  funds  the  amounts  may  be  drawn  from 
(State,   tuition  fees,  or  endowment,  etc.) 

5It  may  be  convenient  for  many  Institutions  to  answer  2  and  3  as 
one  question.    Cost  of  new  buildings  is  given  under  Division  I. 
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STUDENTS  DURING  THE  YEAR  ENDED  JUNE  30,  1899. 

1.  Colleges  of  Agriculture  and  Mechanic  Arts: 

Male.  Female. 

(a)  Preparatory  classes  10  1 

(b)  Collegiate  and  special  classes 15  0 

(c)  Poet  graduate  courses 0  0 

Total,  counting  none  twice 25  1 

2.  Number  in  all  other  departments 61  65 

3.  Number  of  students  that  pursued  courses  in  agriculture,  2;  me- 

chanical  engineering,  15;  electrical  engineering,  0;  mining  en- 
gineering, 10;  architecture,  0;  household  economy,  0;  veter- 
inary science,  0;  military  tactics,  76.  (It  is  not  expected  that 
the  sum  of  these  figures  will  equal  the  number  of  students 
given  above.) 

4.  What  degrees  and  how  many  of  each  kind  were  conferred  in 

1898-*99? 

On  men,  3  (M.  A.,  1;  B.  S.,  2.) 
On  women,  3  (B.  A..  3.) 

5.  What  and  how  many  honorary  degrees  were  conferred  in  1898- 

*99?    None. 

[Signed]     ELMER  E.  SMILEY, 

President 
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The  only  comprehensive  treatment  of  the  Western 
North  American  Phloxes  is  found  in  Dr.  Gray's  Revision 
of  North  American  Polemoniaeeae,*  which  is  almost  identi- 
cally reproduced  in  the  SynopticaJ  Flora.  The  eastern 
species  seem  to  have  received  more  attention,  and  are  ap- 
parently not  so  difficult  to  discriminate  as  the  western, 
which  have  long  been  in  need  of  careful  study.  Several 
species  as  constituted  by  Dr.  Gray  have  been  aggregates, 
and  in  the  case  of  P.  Douglasii  the  greatest  confusion  has 
prevailed.  The  greater  abundance  of  material,  resulting 
from  recent  collections  in  the  west,  has  made  it  possible 
to  attempt  a  more  consistent  disposition  of  such  composite 
species.  Since  some  work  has  been  done  of  late  in  this 
genus,  it  has  been  thought  that  it  might  be  of  value  to  sum* 
marize  our  knowledge  of  the  western  Phloxes,  as  well  as  to 
make  a  critical  study  of  the  same. 

This  revision  has  been  prepared  at  the  University  of 
Wyoming,  and  is  based  principally  on  the  collection  of 
Phlox  from  the  herbarium  of  the  Missouri  Botanical  Garden, 
and  that  in  the  herbarium  of  this  university.  Loan  of  speci- 
mens has  also  been  had  from  the  leading  herbaria  of  the 
west.  In  all,  about  six  hundred  species  have  been  exam- 
ined. For  loan  of  herbarium  specimens  I  am  much  in- 
debted to  Dr.  Wm.  Trelease;  C.  V.  Piper,  Washington  Agri- 
cultnral  College;  Alice  Eastwood,  California  Academy  of 
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Sciences;  C.  S.  Crandall,  Agricultural  College,  Ft.  OollinB, 
Colo.;  J.  W.  Blankinship,  Agricultural  College,  Bozeman^ 
Mont.;  U.  P.  Hedrick,  Utah  Agricultural  College;  and 
Francis  Ramely,  University  of  Colorado.  Specimens  for  the 
herbarium  of  the  University  of  Wyoming  have  been  secured 
from  J.  W.  Blankinship;  L.  F.  Henderson,  University  of 
Idaho;  M.  E.  Jones,  Salt  Lake  City,  Utah,  and  J.  M.  Bates, 
Long  Pine,  Neb.  My  hearty  thanks  are  also  tendered  to  Dr. 
B.  L.  Robinson  for  his  kindness  in  furnishing  me  with  facts 
in  regard  to  several  questions  of  importance.  Above  all,  I 
owe  much  to  Prof.  Aven  Nelson,  who  has  spared  no  pains  to 
make  this  revision  possible,  and  whose  constant  encourage- 
ment has  been  greatly  appreciated. 

With  the  exception  of  one  species,  P.  Sibei^iea,  which  is 
also  found  in  the  Arctic  region  of  this  continent,  this  genus 
is  exclusively  North  American.  Twelve  species  are  found  in 
eastern  North  America,  while  the  western  part  has  thirty- 
eight,  only  three  of  which  extend  as  far  east  as  Nebraska. 
About  twelve  of  these  thirty-eight  are  peculiar  to  the  Rocky 
Mountain  region,  and  six  have  Washington  as  their  center 
of  distribution.  Of  the  latter,  P.  linedrifoUa  merges  into  P. 
longifolia  toward  the  east,  and  that  in  turn  into  P.  Stans- 
hurj/i  further  south.  Similarly  P.  speciosa,  belonging  to  the 
region  drained  by  the  Columbia  River,  is  replaced  by  P. 
occidentalis  in  California  and  in  Arizona  by  P.  Woodhousei. 
P.  adsargcns  is  a  native  of  Oregon  and  northern  California, 
and  P.  doUcantha  and  P.  Govilhi  are  found  in  Southern  Cali- 
fornia. P.tenuifoUaand  F^.Woodhousei  are  peculiar  to  Arizona. 
P.  canescens,  P.  austromonfana  and  P.  gladiformis  belong 
principally  to  the  Great  Basin,  with  T^tah  as  their  center  of 
distribution.  P.  nana  and  P.  triovulata  are  peculiar  to  New 
Mexico,  and  Texas  is  remarkable  for  having  four  species 
of  annuals. 

Descriptions  have  not  been  prepared  of  those  species 
whose  identity  is  well  known,  nor  of  those  which  have  been 
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recently  named.  Since  the  genus  is  not  here  treated  of  as 
a  whole,  no  attempt  has  been  made  to  assign  subgeneric 
names  to  the  groups  which  this  revision  covers.  P.  Richard- 
sonii  of  the  Arctic  sea-coast  and  P.  alyssifolia*  of  Assiniboia 
are  not  included  in  the  following  synopsis,  since  specimens 
of  these  species  have  not  been  at  hand. 


KEY  TO  THE  SPECIES. 


1.    PERENNIALS;  calyx  teeth  not  setaceous-tipped. 

*Pulyinate-caespitose  to  loosely  caespitose;  the  style  usually  much 
shorter  than  the  corolla  tube  and  nearly  always  shor.er  than  thr 
calyx. 

tintercostal  portions  of  the  calyx  not  replicate. 

IFlowers  solitary,  the  annual  growth  one-flowered. 
IILeaves  beset  with  woolly  cobwebby  hairs, 
a.  Densely  arachnoid-lanate;   leaves  scale-like,  ovate  to  lance- 
olate, much  imbricated  and  crowded. 

Leaves  usually  4-ranked;  corolla  tube  about  twice  the 

length  of  the  calyx.  P.  bryoides. 

Leaves  not  quadrifarious;  corolla  tube  not  exceeding  the 

calyx.  P.  muscoides. 

aa.  Sparsely    arachnoid-lanate;    leaves    subulate,    usually    dis- 
tinctly bisulcate,  less  crowded. 

Corolla  tube  afbout  twice  the  length  of  the  calyx. 

P.  canescens. 
Corolla  tube  little  if  at  all  exceeding  the  calyx. 

P.  Hoodii. 
1 1  IILeaves  not  beset  with  woolly  cobwebby  hairs, 
a.  Leaves  hispid-ciliate  and  often  with  short  glandular-tipped 
hairs. 

b.  Leaves   hdspid-ciliate  on  the  margins;  the  latter  not  notice- 
ably thickened-cartilaginous. 
Leaves  oblong-linear,  bisulcate,  5-6  mm.  long. 

P.  condensata. 


♦Greene,  Pitt.  3 :  27  (1898). 
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Leaves  lanceolate,  oblong-linear  or  lance-linear,  usually 
plane  or  somewhat  grooved,  8-14  mm.  long. 

P.  caespitosa. 

bb.  Surface  of  the  leaves  often  hispld-ciliate  as  well  as  the 
margins;   the  latter  thickened-cartilaginous. 
Leaves    crowded,    oblong    to    ovate,    3-5    mm.    long; 
flowers  sessile.  P.  Covlllel. 

Stems  25-75  mm.  high,  the  internodes  longer  than  the 
leaves;  in  the  variety  minor  the  leaves  are  approxi- 
mated and  crowded  and  the  flowers  peduncled. 

P.  albomarginta. 

aa.  Sparsely  lanate-ciliate  on  the  calyx  and  usually  at  the  base 
of  the  leaves, 
b.  Not  glandular. 

A  pair  of  plaiie,  obloni-linear  leaves  at  each  node  wi:h 
acerose  ones  in  their  axils;  style  nearly  equalling  the 
corrola  tube.  P.  diffusa. 

Loosely  caespitose-spreading;  leaves  all  acerose;  style 
about  half  the  length  of  the  corolla  tube. 

P.  DouglasiL 
bb.  Glandular. 

Stems  erect  or  ascending;  these  as  well  as  the  acerose 
leaves  sparsely  covered  with  short  fine  glandular- 
tipped  hairs.  P.  Plperi. 

aaa.  Pubescent  on  the  peduncles  and  calyx  or  entirely  glabrouf 

P.  multiflora. 

ttFlowers  not  solitary,  the  annual  stems  l-several  fiowered. 

Leaves  with  thickened  cartilaginous  margins. 

P.  albomarginata. 

Leaves  not  with  thickened  cartilaginous  margins. 

Iwoosely  caespitose-spreading;  sparsely  lanate-ciliate  on 
the  calyx  and  at  the  base  of  the  leaves;  the  latter 
acerose.  P.  Douglasii. 

Stems  erect,  from  a  rhizome;  very  s:>arsely  lanate;  leaves 
subulate,  somewhat  bisulcate,  the  larger  ones  often 
plane.  P.  and* cola. 

Very  loosely  caespitose-spreading  with  prostrate  stems; 
pubescent,  hJ/sute  or  glabrous,  rarely  glandular; 
leaves  lanceolate  or  lance-linear,  plane. 

P.  Kelseyi. 


> 
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tflntercostal  portions  of  the  calyx  replicate. 

Canescent-pubescent  or  glabrate;  corolla  tube  glabrous. 

P.  austromontana. 
Glandular  throughout,  corolla  tube  pubescent. 

P.  gladiformis 

♦♦Loosely  tufted,  suffrutescent  or  nearly  herbaceous,  with  erect  or 
assurgent  stems  and  usually  distant  leaves. 

tStyle  long,  equalling  the  corolla  tube  or  at  least  longer  than  the 
oYary  or  stigmas. 

tCorolla  tube  glabrous. 

1 1  Style  exceeding  the  calyx. 

a.  Glabrous  or  pubescent,  but  not  glandular. 

b.  Flowers  nodding.  P.  cemu  i. 

bb.  Flowers  not  nodding. 

Glabrous    )r  finely  pubescent;    leaves   linear,  2-3  mm. 
wide.  P.  longifolia. 

Roughish  pubescent  throughout;  leaves  thlckish,  2-3  mm. 
wide.  P.  Stansbury/ 

Glabrous  or  somewhat  roughish  pubescent;    leaves  nar- 
rowly linear,  1-1.5  mm.  wide.  P.  linearifcra. 

aa  More  or  less  glandular,  at  least  above. 

b.  About  5  dm.  high.  P.  tenuifo  i? 

bb.  Less  than  2  dm.  high. 

c.  Corolla  tube  less  than  twice  the  length  of  the  calyx 
Viscid-pubescent     above;     leaves     erect,     narrowly 
linear,  1  mm.  wide.  P.  virida. 

Viscid-pubescent  throughout;    leaves  linear,  acum- 
inate, erect,  2-4  mm.  wide.  P.  visclda 
Glandular-puberulent;     leaves     usually     spreading:, 
linear,  acute  or  bluntish  at  apex,  1-2  mm.  wide. 

P.  longifolia  puberu'a. 

cc.  Corolla  tufbe  twice  the  length  of  the  calyx. 

Roughish-pubesccnt     throughout     and     glandular; 
leaves  linear,  thlckish,  2-3  mm.  wide. 

P.  Stansburyi. 
Leaves  ovate,  narrowly  oblong  or  lanceolate. 

P.  Stansburyi  brevifolia. 

ccc.  Corolla  tube  3-4  times  the  length  of  the  calsrx. 

P.  dolicantha. 
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II  II Style  not  exceeding  the  calyx. 

Coarsely  hirsute  throughout;  leaves  thick  and  rigid,  ovate 
to  lanceolate,  about  2  om.  long.  P.  hirsuta. 

ttCorolla  tube  slightly  pubescent. 

Leaves  ovate,  thin  and  glabrous.  P.  adsurgens. 

ttStyle  not  longer  than  the  ovary  or  stigmas. 

tOvules  solitary  in  each  cell. 

||Upper  leaves  on  flowering  stems  dilated  at  base. 

Stems  slender;  leaves  linear;  flowers  in  lax  corymbose 

clusters.  P.  speciosa. 

Stems  short  and  stout;  leaves  rigid,  lanceolate;  flowers 

in  congested  corymbose  clusters.  P.  lanceolata. 

II  ||Upper  leaves  on  flowering  stems  not  dilated  at  base. 

1-3  dm.  high;  leaves  lanceolate  to  linear,  3-5  cm.  long. 

P.  occidentalis. 

5-10  cm.  high;  leaves  oblong  to  oblong-linear,  1-4  cni» 

long.  P.  Woodhousei. 

ttOvules  2-3  in  each  cell. 

Stems  slender,  usually  simple;  leaves  narrow,  1-2  mm. 

wide.  P.  triovulata 

Stems  freely  branched;  leaves  3-4  mm.  wide.     P.  nana. 

2.    ANNUALS;  calyx  teeth  setaceous-tipped. 

*Leaves  of  flrm  texture,  nearly  all  opposite.  P.  aspera. 

**Leaves  thin,  mostly  alternate. 

tCorolla  tube  pubescent,  exceedingly  the  calyx. 

Stems  1-4  dm.  long;   leaves  broadest  at  base;   corolla 

lobes  about  1  cm.  long.  P.  DrummondiL 

Stems  5-10  cm.   long;    leaves  rather  narrow  at  base; 

corolla  lobes  about  6  mm.  long.  P.  tenuis. 

ttCorolla  tube  glabrous,  not  exceeding  the  calyx.        P.  Roemeriana. 


SYNOPSIS  OF  THE  SPECIES. 


^PulYinate-caespitose  or  loosely  caespitose  perennials,  often  witi 
erect  annual  stems,  several  cm.  high;  leaves  approximated  and  often 
much  imbricated,  scarious-connate,  the  old  ones  marcescent;  flowers 
sessile  or  short-peduncled,  usually  solitary;  corolla  tube  somewhat 
hairy  near  the  base  within  (the  hairs  wanting  apparently  in  P. 
Hoodii);  style  more  or  less  shorter  than  the  corolla  tube;  ovules 
solitary  in  each  cell. 

fLeaves  more  or  less  beset  with  woolly  cobwefbby  hairs. 

tLeaves  scale-like,  ovate  to  lanceolate,  much  imbricated,  ratlrei 
densely  arachnoid-lanate. 

P.  BRYOIDES  Nott.  PI.  Gamb.  in  Journ.  Acad.  Nat.  8ci. 
ser.  2,  1:153  (1848).  Gray,  Proc.  Am.  Acad.  8253. 
Gray,  Syn.  Fl.  2:132. 

From  central  Wyoming  to  Utah  and  Colorada.  Type 
locality;  "dividing  ridge  of  the  Rocky  Mountains"  in  south- 
ern Wyoming  (about  lat.  42  degrees). 

The  typical  forms  have  strictly  4-ranked  scale-like 
leaves,  but  in  luxuriant  plants  the  leaves  are  much  longer 
and  the  quadrifarious  character  entirely  lost.  In  such 
forms  it  approaches  very  near  to  P.  muscaides  from  which 
it  can  always  be  separated  by  its  longer  corolla  tube. 

Specimens  examined:  Wyoming;  Henry  Engelm^inn,  ''Moun- 
tains near  Sweetwater"  River,  1888;  C.  C.  Parry,  No.  230,  High  ground 
forming  eastern  rim  of  Green  R.  Basin,  alt  7000  ft.,"  1873;  B.  C.  Buf- 
fnm.  Cooper  Creek,  1892;  Aven  Nelson,  Nos.  67  (Laramie  Hills,  1894), 
1280  (Laramie  Plains,  1895,  the  usual  form  with  corolla  lobes  8  mm. 
long),  3080a  (Green  River,  1897),  4313  (Laramie  Hills,  1898)  and 
4618  (Carter,  1898,  corolla  lobes  6  min.  long):  Southern  Utah;  A.  L. 
Siler,  No.  6,  1874:  (Colorado;  T.  S.  Brandegee,  Canon  City,  1871» 
Sierra  Sangre  de  Cristo  Mts.,  1874. 
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P.  MUSC0IDE8  Nutt,  Journ.  Acad.  Phila.  8:42,  t.  6,  fig. 
2  (1834).  Gray,  Proc.  Am.  Acad.  8:253.  Gray,  Syn. 
Fl.  2:132. 

Type  locality;  "Rocky  Monntains  at  the  soopces  of  the 

Missouri  River,"  western  Montana. 

Specimens  examined:  Montana;  Mrs.  C.  H.  Moore,  Butte,  1883; 
F.  D.  Kelsey,  "Very  abundant  in  Deer  Lodge  Co.  N.  E.  of  Helena," 
1891;    W.  T.  Shaw,  Deer  Lodge,  Bozeman,  1892. 

ttLeaves  less  crowded,  subulate,  usually  distinctly  bisulcate, 
sparsely  arachnoid-lanate,  or  with  only  a  few  hairs  at  base. 

P.  CANESCENS  T.  &  G.,  Pacif.  R.  Rep.  2:122,  t.  6  (1855). 

Densely  caespitose;  lanate  and  somewhat  canescent,  at 
least  when  young;  leaves  subulate,  pungent,  somewhat 
granular-roughened,  at  length  recurved-spreading,  6-10  mm. 
long;  corolla  white  (tube  "yellow"),  the  tube  somewhat 
hairy  at  base  within,  twice  the  length  of  the  calyx  or 
nearly  so,  the  lobes  broadly  obovate  to  rotund,  usually  en- 
tire, about  5  mm.  long;  style  less  than  half  the  length  of  the 
corolla  tube.  Western  Colorado  to  California,  Type 
locality;  "On  the  Cedar  Mountains,  south  of  Great  Salt 
Lake,"  Utah. 

Specimens  examined:  Utah;  L.  F.  Ward,  Mass  Valley;  M.  E. 
Jones,  No.  1698,  Dog  Valley,  1880,  Terminus  near  Salt  Lake,  1890, 
Summit,  Owen's  Valley,  1897:  California;  Mrs.  C.  C.  Bruce,  No.  2389, 
Warner  Mts.,  1898:  Colorado;  T.  S.  Brandegee,  near  Mt.  Carbon,  Elk 
Mts.,  1881. 

P.  HOODII  Rich.  Prankl.  Journ.  Appx.  t.  28  (1823). 

Densely  tufted  and  much  branched  from  a  somewhat 
woody  root;  sparsely  lanate;  leaves  subulate,  apiculate, 
with  broader  clasping  bases,  4-10  mm.  long;  calyx  5-7  mm. 
long,  the  teeth  like  the  leaves,  the  thickened  central  por- 
tion of  the  latter  produced  into  strong  ribs  on  the  tube 
below;  corolla  white,  the  tube  equalling  or  somewhat  ex- 
ceeding the  calyx,  the  lobes  obovate,  entire  or  mucronate, 
about  5  mm.  long.  Flowering  early  in  the  spring,  on  the 
plains  and  foothills  from  Saskatchewan  to  Montana  and 
Wyoming. 
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As  Dr.  Gray  noted  (Byn.  Fl.  2:122),  this  8eem«  to  pass 

into  P.  canescens.    It  is  apparent,  however,  that  many  forms, 

especially  from  Montana,  have  been  referred  to  the  latter 

which  more  properly  belong  to  this  species. 

Specimens  examined:  Assiniboia;  John  Macoun,  1894:  Montana; 
F.  W.  Anderson,  Great  Falls,  1885;  J.  W.  Blanklnship,  Custer,  1890; 
R.  S.  Williams,  No.  831,  Great  Falls,  1892;  Mrs.  J.  J.  Klnnedy,  Mis- 
soula Co.:  Wyoming;  C.  C.  Parry,  No.  231,  "Upper  Valley  of  Green 
River"  (?). 

P.  HOODn  GLABRATA  n.  var. 

Glabrous  except  for  a  few  lanate  hairs  on  the  calyx  and 
at  the  base  of  the  leaves;  the  latter  granular-roughened  and 
much  greener  than  in  the  species;  calyx  teeth  short;  corolla 
tube  slightly  exceeding  the  calyx. 

This  variety  takes  the  place  of  the  species  on  the  plains 

<        and  foothills  of  Eastern  Wyoming.    On  account  of  its  green, 

glabra te  leaves  it  has  usually  passed  as  P.  caespitosa.    It  has 

however   none   of  the  pubescence   characteristic   of  that 

alpine  species  while  what  little  it  has  is  like  that  of  P, 

Hoodii, 

Specimens  examined:  Wyoming;  Dr.  F.  V.  Hayden,  "Deer 
Creek,  100  miles  above  Ft.  Laramie,"  1860;  E.  L.  Greene,  Cheyenne, 
1872  (labeled  P.  Douglasii);  Geo.  Engelmann,  Sherman,  1880;  B.  C. 
Btiffum,  Laramie,  1891;  Aven  Nelson,  Laramie,  1892;  J.  Schneck, 
Orin  Junction,  1893;  Aven  Nelson,  Nos.  8  (1894,  the  type.  In  Herb. 
Univ.  of  Wyo.),  1892  (1896)  and  2864  (1897),  Laramie:  Montana;  J.  M. 
Bates,  Ft.  Robinson,  1897:     Colorado;  North  Park,  1897. 

P.  ANBIOOLA  (Britt.)  n.  sp. 

P.  Dougldsii  var.  longifolia  A.Gray,  Proc.  Am.  Acad. 
8:254  (1870).  P.  Douglnsn  var.  andicola  Britt.  Mem. 
Torr.  Club,  5:269  (1894). 

Stems  from  a  rhizome,  usually  erect,  often  branched 
at  the  surface  of  the  ground  and  with  opposite  branche.H  at 
the  nodes,  white,  the  bark  exfoliating  with  age  in  thin 
shreds,  5-10  cm.  high;  sparsely  lanate  on  the  calyx  and  bases 
of  the  leaves,  the  stems  granular-pubescent  and  somewhat 
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glandular;  leaves  acerose  or  sublate  or  the  larger  plain, 
often  somewhat  bisulcate,  pungent,  1-2  cm.  long;  flowers 
sessile  or  on  peduncles  2  mm.  long;  calyx  teeth  as  long  as 
the  tube,  pungent;  corolla  white,  the  tube  somewhat  hairy 
near  the  base  within,  one  and  a  half  times  the  length  of  the 
calyx,  the  lobes  broadly  obovate,  5-7  mm.  long;  style  about 
the  length  of  the  calyx.  On  the  plains  east  of  the  Rocky 
Mountains,  from  Montana  to  Western  Nebraska  and 
Eastern  Wyoming.  The  range  given  by  Dr.  Gray  at  place 
of  original  publication  is,  "east  of  the  Rocky  Mountains  and 
in  Utah." 

In  1870  Dr.  Gray  described  P.  Douglasii  var  longi folia, 
giving  it  the  following  characters:  "Ramis  saepius  erectis 
e  rhizomate  prostrato;  foliis  angustissime  vel  aceroso-lin- 
earibus  lin.  5-8  longis  minus  fasciculatis,"  He  gives  its 
range  as  quoted  above  but  it  will  be  noticed  that  in  the 
Synoptical  Flora  ("W.  Nebraska  to  Oregon  and  N.  E.  Cali- 
fornia") he  also  includes  some  far  western  forms.  I  have 
seen  no  specimens  from  Oregon  or  California,  which  could 
be  associated  with  any  of  those  forms  from  east  of  the 
Rocky  Mountains,  which  might  be  supposed  to  belong  to 
this  variety.  Forms  like  Mr.  Lemmon's  No.  178  represent 
perhaps  what  Dr.  Gray  later  (in  1878)  included  in  P.  Doug- 
lasii longifoli<i.  Since  those  far  western  forms  do  not  differ 
in  any  marked  respect  from  the  true  Douglasii  and  are  by 
far  much  nearer  to  it  than  to  the  forms  east  of  the  Rocky 
Mountains  it  is  best  to  leave  them  with  that  species. 

It  is  probable  that  Dr.  Gray  included  some  forms  of  the 
recent  P.  austromontana  and  especially  the  variety  prostrata 
in  his  P.  Douglasii  longifolia,  and  indeed  some  Utah  speci- 
mens are  so  labeled.  Even  if  we  knew  exactly  what  Utah 
specimens  Dr.  Gray  referred  to,  the  name  andicola  could 
not 'properly  be  applied  to  them,  for  we  have  reason  to 
believe  that  he  based  his  variety  principally  upon  plants 
from  "east  of  the  Rocky  Mountains."  The  forms  found  in 
the  last  named  region  will  therefore  have  to  bear  that  name. 
Of  these  there  are  two  which  are  quite  distinct,  namely, 
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P.  multiflorsL  and  the  one  described  above.  Since  one  of 
these  has  been  definitely  designated  as  P.  multiflora,  it  is 
perfectly  proper  to  apply  the  name  andicola  to  the  remain- 
ing one.  We  are  also  borne  out  in  such  disposition  by  the 
fact  that  the  original  characterization  points  to  it  rather 
than  to  P.  multiflora.  The  latter  has  no  true  rhizomes,  but 
prostrate  persisting  stems  instead,  and  its  annual  stems  are 
always  one-flowered,  while  in  P.  andicola  thev  bear  several 
flowers.  They  dififer  also  in  the  character  of  their  pubes- 
cence, the  latter  being  lanate,  while  that  which  often  occurs 
on  the  peduncles  and  calyx  of  P.  multiflora  can  be  termed 
pubescent  (in  the  restricted  sense).  In  habitat  they  differ 
widely,  P.  andicola  growing  on  the  open  plains,  while  P. 
multiflora  is  only  found  in  the  hills. 

In  some  respects  the  species  in  question  is  allied  to  P. 
Hoodii,  It  has  the  same  character  of  pubescence  and  the 
leaves  bear  striking  resemblances.  The  habitat  is  the  same 
and  in  Montana  there  occur  some  intermediate  forms. 

Specimens  examined:  Wyoming;  B.  A.  Soulard,  "On  the  Upper 
Platle  river,"  1845;  Aven  Nelson,  No.  397,  Fairbanks  on  the  Platte, 
1894;  Nebraska;  J.  M.  Bates.  Valentine,  1895:  North  Dakota;  Dr.  F. 
V.  Hayden,  "common  on  high  praries  from  Fort  Pierre  to  bad  lands," 
1853:  Montana;  R.  S.  Williams,  No.  117,  Belt  River,  1881;  also  a 
specimen  by  Hall  and  Harbour,  No.  453,  from  Colorado,  probably 
lat  41  degrees,  1862. 

ttLeaves  not  beset  with  woolly  cobwebby  hairs. 

tLeaves  ovate,  oblong-linear  or  lance-linear,  hispid-ciliate  on  the 
margins,  especially  near  the  base,  rarely  naked. 

P.  CONDENSATA  (A.  Gray)  n.  sp. 

P,  Hoodii  var.  A  Gray,  Enum,  PI.  Parry.  (298)  in 
Sill.  Jouru.  P,  cac^intosa  var.  condensaia  A.  Gray, 
Proc.  Am.  Acad.  8: 254  (1870). 

Densely pulvinate-tufted;  leavesmuch  imbricated,  rigid, 
oblong-linear,  apiculate,  distinctly  bisulcate,  bispid-ciliate 
on  the  margins  and  slightly  glandular,  5-6  mm.  long;  calyx 
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as  long  as  the  leaves,  the  teeth  oblong-linear,  apiculate; 
corolla  white,  the  tube  twice  the  length  of  the  calyx  or 
less,  somewhat  hairy  at  the  base  within,  the  lobes  rotund, 
4-5  mm.  long;  style  shorter  than  the  calyx.  At  high  altitudes 
in  Colorado. 

This  should  have  specific  rank.  It  is  remarkably  dis- 
tinct from  P.  caespitosa  which  is  less  densely  tufted  and  has 
larger  leaves  and  flowers. 

Specimens  examined  from  Colorado:  C.  C.  Parry,  "From  the 
headwaters  of  Clear  Creek,  and  the  alpine  ridges  lying  east  of  Middle 
Park,"  1861;  Hall  &  Harbour.  Lat.  39-41  degrees,  1862;  Dr.  Geo.  Vasey 
on  Poweirs  Colorado  Exp.  Exp.,  1868;  Hooker  &  Gray,  No.  11.206, 
Sierra  Blanca;  F.  S.  Brandegee,  No.  689,  Sierra  Sangre  de  Crlsto 
Range,  1873  and  1874;  H.  N.  Patterson,  No.  101,  Gray's  Peak,  alt. 
11-14000  ft..  1886;  Wm.  Trelease,  Leadville,  1886;  Crandall  &  Cowcn. 
Mts.  above  Como,  alt.  12,000  ft.,  1895;  C.  S.  Crandall,  Mts.  above 
Boreas,  1897. 

P.  OONDENSATA  HENDEB80NI  n.  yar. 

Very  viscid,  the  surface  of  the  leaves  covered  with  fine 
glandular-tipped  hairs,  much  more  densely  so  than  in  the 
species. 

Type  in  Herb.  Agr'l.  Coll.,  Wash.;  collected  by  L.  F. 
Henderson,  Mt.  Adams,  Washington,  Aug.  10,  1892;  also 
from  the  same  locality  by  W.  N.  Suksdorf,  1884. 

P.  CAESPITOSA  Nutt.  Joum.  Acad.  Phila.  7:41  (1834). 

Densely  or  somewhat  loosely  caespitose,  often  with 
long,  prostrate  stems;  leaves  oblong-linear  or  lanceolate, 
apiculate,  8-14  mm.  long,  1-2  mm.  wide,  usually  plane,  the 
somewhat  cartilaginous  margins  hispid-ciliate  or  naked,  sur- 
face glabrous  or  with  short  scattered  glandular-tipped 
hairs;  flowers  sessile  or  subsessile  (peduncles  rarely  2  mm. 
long);  calyx  more  or  less  hispid-ciliate  and  usually  with 
some  short  glanduJar-tipped  hairs,  the  teeth  the  length  of 
the  tube,  lanceolate  or  narrowly  so,  pungent;  corolla  white 
or  light  blue,  the  tube  slightly  hairy  at  base  within,  about 
three  times  the  length  of  the  calyx  teeth,  the  lobes  broadly 
obovate,  5-7  mm.  long.    In  the  mountains  from  New  Mexico 
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to  Montana.    Type  locality;  "Flat-Head  river,  on  the  sides 
of  dry  hills." 

Specimens  examined:  New  Mexico;  N.  K.  Berg,  Franklin,  "tim- 
ber line,"  1897:  Colorado;  A.  Eastwood,  La  Plata  Mts..  1892;  Baker, 
Barle  and  Tracy,  No.  249,  Mt.  Hesperus,  No.  635,  Little  Kate  Basin, 
La  Plata  Mts.,  alt.  12,000  ft.,  1898:  Utah;  M.  E.  Jones,  No.  594c,  Marys- 
vale.  1894:  Wyoming;  Aven  Nelson.  No.  1827  (1896).  Elias  Nelson, 
No.  5216  (1898),  La  Plata  Mines,  alt.  12,000  ft:  Montana;  J.  B.  Alle- 
baugh,  Wisconsin  Creek,  1892;  Emma  J.  Ware,  Deer  Lodge  Co.  (a 
narrow-leaved,  very  glandular  form). 

P.  CAEBPITOSA  RIGIDA  (Benth.)  A.  Gray.  P.  rigida 
Benth.  in  DC.  Prodr.  9:306  (1845).  P.  caespitosa 
var.  rigida  A.  Gray,  Proc.  Am.  Acad.  8:254  (1870). 

I  have  seen  no  specimens  of  this  variety.  It  was  origin- 
ally described  from  the  Blue  Mountains  of  Oregon  (in  mon- 
tibos  caeruleis  Americae  boreali-occid.),  and  is  perhaps  con- 
fined to  the  mountains  of  the  Pacific  coast  states.  Watson 
reports  it  from  the  Clover  mountains  of  Nevada  (Bot.  King. 
260).  Since  specimens  are  not  at  hand  I  retain  this  as  a 
variety.  An  examination  of  good  material  might  prove  it 
to  be  more  properly  a  species. 

P.  COVILLEI  n.  sp. 

Depressed-caespitose;  leaves  ovate,  oblong  or  linear- 
oblong,  apiculate,  3-5  mm.  long,  hispid-ciliate  on  the 
thickened  cartilaginous  somewhat  inflexed  margin  as  also 
the  upper  surface,  a  little  glandular  and  granular- 
roughened,  central  portion  thickened  and  with  a  groove  on 
either  side;  flowers  sessile;  calyx  5-7  mm.  long,  hispid-ciliate 
and  glandular,  teeth  thick,  short  or  as  long  as  the  tube,  the 
central  portion  produced  into  thick  cartilaginous  ribs  on 
the  calyx  tube  below;  corolla  white,  the  tube  quite  hairy  at 
base  within,  more  than  twice  the  length  of  the  calyx,  the 
lobes  broadly  obovate  to  rotund,  4  mm.  long;  style  short, 
less  than  half  the  length  of  the  corolla  tube. 

This  cannot  be  referred  to  P.  caespitosa.  The  much 
shorter,  broader  leaves,  and  the  grayish  color  of  the  whole 
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plant;  distinguish  it  from  that  species.  In  leaf  characters  it 
seems  to  be  allied  to  P.  alhomargmata.  That  species,  how- 
ever, has  plane  leaves  and  the  flowers  are  raised  above  the 
ground  and,  at  least  in  the  variety  minor,  peduncled. 

I  take  great  pleasure  in  dedicating  this  species  to 
Frederick  Coville,  who,  together  with  Frederick  Funston, 
collected  it  on  the  Death  Valley  Expedition.  Type  in  Herb. 
California  Academy  of  Sciences;  No.  1801,  Black  Canon, 
White  Mountains,  Mono  Co.,  California,  1891. 

P.  ALBOMxVRGIKATA  Jones,  Zoe  4:367  (1894). 

Specimens  of  this  species  are  not  at  hand.  It  is  charac- 
terized by  its  short,  broad  cartilaginous  marginal  leaves  and 
exceedingly  glandular  calyx.  Type  locality;  **East  face  of 
Mt.  Helena,  Montana." 

P.  ALBOMARGINATA  MINOR  Jones,  1.  c. 

A  specimen  collected  .at  Helena,  Montana,  by  F. 
D.  Kelsey,  ISOO,  I  take  to  be  of  this  variety.  It  diffeis 
from  the  species  in  the  absence  of  flowering  stems,  in  its 
smaller  leaves  and  shorter  calyx.  The  flowers  are  on  pedun- 
cles about  6  mm.  long. 

ttLeaves  not  hispld-ciliate  on  the  margin. 

I  [Sparsely  lanate-  or  hirsute-ciliate  on  the  calyx  and  usually  at 
the  base  of  the  leaves,  otherwise  glabrous  or  with  short  fine  gland- 
ular-tipped hairs  on  the  leaves  and  stems;  leaves  acerose  (at  least 
those  fascicled  in  the  axils). 

P.  DIFFUSA  Benth.  PI.  Hartw.  825  (1849).     P.  Douglasii 
var,  diffusa  A.  Gray,  Proc.  Am.  AcaJ.  8:254  (IWM. 

Loosely  caespitose-spreading,  with  prostrate  loosely 
branched  stems,  the  annual  ones  of  1-4  nodes,  one-flowered, 
2-3  cm.  long;  leaves  6-12  mm.  long,  a  pair  of  spreading 
oblong-linear  (2  mm.  wide  or  less)  ones  with  narrow  thin 
white  margin  and  somewhat  narrowed  base  at  each  node, 
with  acerose,  apiculate  ones  in  their  axils;  flowers  sessile 
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or  subsessile;  calyx  sparsely  lanate-ciliate  or  sometimes 
glabrous,  the  teeth  the  length  of  the  tube;  corolla  white,  the 
tube  somewhat  hairy  at  base  within,  twice  the  length  of  the 
calyx  or  less,  the  lobes  obovate  of  broadly  so,  entire  or 
erose,  6-9  mm.  long;  style  usually  nearly  equalling  the 
corolla  tube.    Oregon  to  British  Columbia. 

Dr.  Gray  made  this  a  variety  of  P.  Douglasii  but  that 
does  not  seem  satisfactory,  for  it  exhibits  some  very  good 
distinctions  from  that.  It  is  much  laxer  in  growth,  the  in- 
ternodes  being  longer,  and  has  broader  and  shorter  leaves 
and  longer  style.  It  also  grows  in  much  moister  places  and 
is  of  a  more  northern  distribution. 

Specimens  examined:  Washington;  L.  F.  Henderson,  Mt. 
Adams,  1892,  "Alpine  slopes,  Olympic  Mts.,"  1890;  Lake  &  Hull,  No. 
595,  Horse-shoe  basin,  near  Skagit  Pass,  1892;  C.  V.  Piper,  Oljrmpic 
Ht8.,  Mt.  Rainier,  1895;  O.  D.  Allen,  No.  265.  1896:  Oregon;  Elihu 
Hall,  No.  414,  1871;  L.  F.  Henderson,  Summit  of  Ashland  Butte,  1886: 
^1  British  Columbia;  John  Macoun,  Mt.  Arrowsmith  on  Vancouver  Is- 
land, 1887. 
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P.  DOUGLASII  Hook.  Fl.  Bor.  Amer.  2:73  (1838). 

Caespltose,  often  loosely  so  with  much-branched  pros- 
trate stems  from  a  more  or  less  woody  root;  sparsely  lanate- 
ciliate  on  the  calyx,  base  of  leaves  and  stems  or  nearly 
glabrous;  leaves  acerose,  pungent  or  apiculate,  5-15  mm. 
long;  flowers  sessile  or  subsessile,  solitary,  rarely  the  an- 
nual stems  3-flowered;  calyx  teeth  the  length  of  the  tube, 
acerose-subulate;  corolla  white  or  light  blue,  the  tube  some- 
what hairy  at  base  within,  a  little  less  than  twice  the  length 
of  the  calyx,  the  lobes  obovate  to  rotund,  5-7  mm.  long;  style 
half  the  length  of  the  corolla  tube  or  less.  Common  in  Ore- 
gon and  California,  also  in  Idaho,  Nevada,  and  southwestern 
Colorado.  Type  locality;  "N.  W.  America:  common  on  the 
Limestone  range  of  the  Blue  Mountains  (Oregon),  and  on 
the  Rocky  Mountains,  near  the  confines  of  snow." 

Of  all  the  forms,  merged  into  this  species  by  Dr.  Gray, 
the  one  so  common  in  Oregon  and  California  is  here  taken 
as  the  true  P.  Douglasii.  The  leaves  of  this  are  not  notice- 
ably rigid  but  often  rather  weak  and  spreading.    They  are 
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either  strictly  acerose  or  somewhat  plane  and  often  with 
inflexed  but  not  at  all  thickened  margins.  As  a  rule  they 
are  not  grooved,  at  least  not  so  strongly  or  distinctly  as  in 
P.  condensata.  In  the  specimens  examined  there  is  some 
variation  especially  in  habit  but  not  marked  enough  to  jus- 
tify any  further  seggregation.  The  Oregon  specimens  have 
a  much  softer  pubescence  and  approach  much  nearer  to  P. 
diffusa  than  some  of  those  from  California.  The  latter,  of 
which  Coville  and  Funston's  No.  1830  and  Lemmon's  178 
are  representatives,  exhibit  a  coarser,  somewhat  hirsute 

pubescence  and  the  annual  stems  are  often  3-flowered. 

Specimens  examined:  Washington;  Mrs.  W.  L.  Stein weg,  Cas- 
cade Mts.,  Yakima  Co.,  1894:  Oregon;  Dr.  J.  H.  Bartholf,  Camp 
Harney,  1875;  Mrs.  R.  M.  Austin,  Southeastern  Oregon  (labeled  P. 
Douglasii  longifolia),  Quartz  Valley  (labeled  P.  caespitosa),  1893:  C. 
V.  Piper,  Powder  River  Mts.,  1896;  L.  F.  Henderson,  Mt.  Hcod,  1896 
(labeled  P.  Douglasii  diffusa):  Idaho;  A.  Isabel  Mulford,  near  Ket- 
chum,  1892:  California;  J.  G.  Lemmon,  Ncs.  81,  Sierra  Valley,  and 
178,  Sierra  Co.  1874  (labeled  P.  Douglasii  longifolia);  Geo.  Engel- 
mann,  Mt.  Shasta,  1880;  M.  E.  Jones,  No.  2470,  Soda  Springs,  Ne^ 
vada  Co.  1881;  Mrs.  Austin,  Davis  Creek,  1892;  Geo.  Hansen,  No.  499, 

Amador  Co.,  1892  and  1895   (labeled  P.  caespitosa);   C.   A.   P , 

Tulore  Co.,  1896;  Mrs.  C.  L.  Proctor,  Mt.  Shasta,  1896;  H.  B.  Brown, 
No.  362  1-2,  Mt.  Shasta,  1897  (labeled  P.  caespiosa);  Alice  Eastwocd, 
Summit,  Placer  Co.,  1898:  Nevada;  M.  E.  Jones,  Carson  City,  1897: 
Southwestern  Colorado;  Alice  Eastwood,  Mancos,  1891. 

■ 

P.  PIPEBI  n.  sp. 

Many-stemmed  and  much  branched  from  a  woody  root, 
the  woody  persistent  stems  erect  or  ascending,  10-15  cm. 
high,  these  often  arising  from'  horizontal  rhizomes;  the 
whole  plant  sparsely  covered  with  short,  fine,  glandular- 
tipped  hairs  throughout,  the  bases  of  the  leaves  and  the 
calyx  hirsute-ciliate;  leaves  spreading,  acerose,  pungent, 
5-10  mm.  long;  flowers  solitary,  usually  on  peduncles  2  mm. 
long;  calyx  teeth  acerose,  pungent;  corolla  white  or  light 
blue,  the  tube  somewhat  hairy  at  base  within,  one  and  a 
half  times  to  twice  the  length  of  the  calyx,  the  lobes  obovate 
to  cuneate-obovate,  6-9  mm.  long;  style  about  half  the 
length  of  the  corolla  tube. 


\ 
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Type  in  Herb.  Agr'l,  Coll.,  Wash;  collected  by  C.  V. 
Piper  at  Spokane,  Washington,  May  16, 1896;  from  the  same 
locality  by  A.  A.  and  E.  Gertrnde  Heller,  April  21,  1896.  A 
specimen  by  W.  C.  Cusick,  No.  1601,  from  Easetrn  Oregon 
(1897)  is  also  referred  here.  ^ 

II  ||Pub«8cent  or  canescent-pubescent,  never  glandular,  often  en- 
tirely glabrous;  leaves  plane  or  subulate  from  a  broader  base. 

P.  AUSTROMONTANA   Coville,   Cont.   Nat.    Herb.   4:151 
(1893). 

Southern  Utah,  northern  Arizona  and  southern  Cali- 
fornia.   Type  locality,  "Beaverdam  Mountains,  Utah." 

This  excellent  species  is  characterized  by  its  canescent 

pubescence  and  by  the  replicate  sinuses  of  the  calyx.    It  is 

a  near  relative  of  P,  Douglasii  which  it  resembles  in  habit, 

but  differs  from  that  in  the  above  named  characters  and  in 

its  several  flowered  annual  stems.    The  leaves  are  acerose 

from  a  broader  base  and  usually  somewhat  bisuJcate  or 

often  nearly  plane.    The  corolla  tube  is  rather  noticeably 

hairy  near  its  base  vrithin. 

Specimens  examined:  Southern  Ulah;  C.  C.  Parry,  Mts.  near  St. 
George,  1874;  A.  H.  Siler,  No.  16,  Mts.  near  Osmsr,  1874;  Dr.  B. 
Palmer.  No.  307.  "S.  Utah,  N.  Arizona,'*  1877;  M.  B.  Jones,  No.  5122, 
Diamond  Valley.  1894:  California;  C.  R.  Orcutt,  No.  885,  Topo  Canon, 
1883;  S.  B.  Parish,  Nos.  1839  (1886)  and  2955  (1894)  San  Bernardino 
MU. 

P.  AUSTROMONTANA  PBOSTBATA  n.  var. 

Loosely  caespitose-spreading,  with  long  prostrate  laxly- 
branched  stems  which  are  often  3  dm.  long;  leaves  usually 
plane,  20-25  mm.  long;  flowers  large,  the  corolla  tube  2  cm. 
long,  the  lobes  erose,  1  cm.  long. 

It  has  the  canescent  pubescence  and  the  replicate  calyx 
sinuses  of  the  species,  but  its  more  diffuse  habit  and  its 
longer  planer  leaves  readily  distinguish  it. 

Type  in  Herb.  I'niv.  of  Wyo. ;  collected  by  M.  E.  Jones, 
No.  5163  y  &  z,  at  Silver  Reef,  Utah,  May  4,  1894. 
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P.  MULTIFLORA  Aven  Nelson,  Bull.  Torr.  Bot.  Club, 
25:278  (1898).  P.  Douylasii  var,  longifnlia.  A.  (Iray, 
Proc.  Am.  Acad.  8:254  (1870),  in  part. 

In  the  foothills  east  of  the  Rocky  Mountains,  from  Mon- 
tana to  Colorado.  Type  locality;  Laramie  Hills,  Albany 
Co.,  Wyoming. 

This  species  is  very  distinct  and  need  not  be  confused 

with  anything  else.    Its  simple,  erect,  one-tiowered  annual 

stems  with  comparatively  long  internodes  and  little  if  at 

all  fasicled  plane  leaves  separate  it  from  all  related  species. 

The  plant  is  often  glabrous  throughout,  but  generally  the 

calyx  and  peduncles  are  pubescent.    The  same  hairiness  in 

the  corolla  tube  observed   elsewhere  in  this  group  also 

occurs  here. 

Specimens  examined:  Montana;  J.  H.  Flodman,  Spanish  Basin, 
1896;  P.  Koch,  Lake  Plateau,  1897:  Wyoming;  Dr.  F.  V.  Hayden, 
"Summit  of  Wind  River  Mts.,"  1860;  C.  C.  Parry.  "N.  W.  Wyo.," 
1873;  J.  W.  Blankinship,  Big  Horn  Mts.,  1890;  B.  C.  Buffum,  Upper 
Laramie  River,  1891;  Aven  Nelson,  Nob.  182,  1894,  and  3175  (type), 
1897,  Laramie  Hills,  No.  813,  Union  Pass  Hills,  1894;  Elias  Nelson, 
No.  4864,  Freezeout  Hills,  1898:  Colorado;  W.  A.  Henry,  Gregory 
Canon,  1875;  J.  J.  McFarland,  Boulder  Co.,  1881;  Alice  Eastwood, 
Durango,  1891;  C.  S.  Crandall,  Mountans  of  Northern  Colo.,  1890, 
Rist  Canon,  1891,  Platte  Canon,  1894;  C.  F.  Baker,  Ft.  Collins,  1896. 

P..  MULTIFLORA  DEPRESS  A  n.  var. 

Depressed  caespitose,  scarcely  rising  above  the  ground; 
leaves  1  cm.  long,  rarely  2  cm.;  flowers  mostly  subsessile, 
the  corolla  lobes  6-7  mm.  long  (in  the  species  8-9  mm). 

I  thus  designate  a  form  from  the  Red  Desert  of  South- 
western Wyoming.    Type  in  Herb.  Fniv.  of  Wyo. 

Specimens  exan^ined  from  Wyoming:  Dr.  F.  V.  Hayden,  Kamas 
Prairie  and  head  of  Wind  River  Valley,  alt.  6500,  1860;  Aven  Nelson, 
Nos.  3084  (type),  Point  of  Rocks  (1897),  4677,  Kemmerer,  and  4536, 
CokeviUe  (1898). 

!|  II  I  [Pubescent  or  hirsute,  often  glandular,  not  infrequently  en- 
tirely glabrous;  leaves  plane,  lance-linear. 
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P.  KEL8EYI  Britt.  Bull.  Torr.  Bot.  Club,  19:225  (1892). 
From  Montana  and  the  Dakotas  to  Southern  Wyoming. 

This  varies  from  entirely  glabrous  to  densely  hirsute, 
and  some  specimens  from  southern  Wyoming  are  glandular 
throughout;  but,  since  this  form  agrees  in  every  other  re- 
spect, and  since  some  Montana  plants  also  exhibit  a  ten- 
dency to  be  glandular,  it  seems  best  to  refer  it  to  this 
species.  The  peduncles  and  young  stems  are  narrowly  wing- 
angled,  a  character  which  is  never  so  prominent  in  any  other 
species.  The  membranous  sinuses  of  the  calyx  are  very 
narrow,  and  show  no  indications  of  becoming  replicate. 

Specimens  examined:      Montana;    F.   D.   Kelsey,   Helena,   1890, 
Coeur  d'Alene,  1891;  Mrs.  L.  A.  Pitch,  Twin  Bridges,  1832,  Madison 
Co.;  J.  H.  Flodman,  Little  Belt  Mts.,  1896:  South  Dakota;  Alice  D. 
Pratt.  Piedmont,  1895;   J.  M.   Bates,  No.   1152,   Hot  Springs,  1896: 
\  Wyoming;    J.  M.   Bates,  Newcastle,   1896;    Elias  Nelson,  No.  4336, 

Cooper  Creek,  Albany  Co.,  1898  (the  glandular  form). 

P.  GLADITOBMIS  (Jones)  n.  sp 

P.  lonffifolia  wr,  fjlaflifoimlfi  Joiios.  Proc.  Oal.  Acad. 
Sci.  Ser.  2,  5:711  (1895). 

Loosely  caespitose  with  prostrate  spreading  stems; 
softly  pubescent  and  slightly  glandular  throughout;  leaves 
rather  thick  and  rigid,  with  prominent  midribs  and  slightly 
revolute  margins,  lance-linear,  pungent,  15-20  mm.  long, 
about  2  mm,  wide;  flowers  sessile  or  subsessile;  calyx  with 
sinuses  distinctly  but  only  moderately  replicate,  the  teeth 
slightly  longer  than  the  tube,  pungent;  corolla  white,  the 
tube  pubescent  (on  the  exterior)  and  near  the  base  within 
rather  densely  so,  twice  the  length  of  the  calyx,  the  lobes 
cunate-obovate,  entire,  7  mm.  long;  style  less  than  half  the 
length  of  the  corolla  tube.  Utah.  Type  locality;  "Cedar 
City,"  Utah. 

The  nearest  relative  of  this  is  P,  Kelseyi  with  which  it 
agrees  in  habit  and  leaves.  It  is  readily  distinguished  from 
that  bj  its  more  sessile  flowers,  pubescent  corolla  tube  and 
by  the  character  of  its  calyx.  Mr.  Jones  referred  it  to  P, 
Umgifolia.    The  replication  of  the  calyx  sinuses  would  in- 
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deed  suggest  such  relationship,  yet  it  has  neither  the  long 
style  nor  the  habit  which  is  characteristic  of  that  group.  On 
Ithe  other  hand  its  chief  characters  allies  it  to  P.  Kelseyiy 
iand  were  it  not  a  good  species  it  would  have  to  become  a 
variety  of  the  same.  The  above  description  has  been  drawn 
from  some  specimens  of  Mr.  Jones'  type  number,  5208c,  col- 
lected by  him  at  Cedar  City,  Utah,  May  8,  1894. 

••Suffrutescent  or  nearly  herbaceous  perennials,  loosely  tufted 
and  many-stemmed;  leaves  generally  distant,  veiy  little  if  at  all 
fascicled  in  the  axils,  as  a  rule  not  marcescent  on  the  stems  below; 
flowers  in  corymbose  cymes;  calyx  with  white-membranous  inter- 
costal sinuses  which  are  usually  replicate  and  often  produced  into 
salient  angles,  the  teeth  equalling  or  shorter  than  the  tube,  apiculate 
or  pungent;  corolla  tube  more  or  less  hairy  at  base  within;  style  long 
and  slender  equalling  the  corolla  tu^be  or  at  least  longer  than  the 
ovary  or  stigmas;  ovules  one  or  two  in  each  cell. 

tCoroUa  tube  glabrous. 

tStyle  exceeding  the  calyx. 

||Corolla  tube  twice  the  length  of  the  calyx  or  less. 

a.  Flowers  nodding. 

P.  OEBNUA  n.  sp. 

Suffrutescent  at  base  and  many-stemmed,  8  cm.  high, 
the  lower  part  of  the  stems  purple;  glabrous  throughout  or 
the  stems  puberulent  below;  leaves  linear,  spreading,  2-3 
cm.  long,  less  than  2  mm.  wide;  flowers  on  slender  pedicels 
(about  1  cm.  long),  inclined  to  be  nodding;  calyx  with  some- 
what replicate  sinuses,  the  teeth  half  the  length  of  the  tube; 
corolla  white  or  tinged  with  purple,  the  tube  twice  the 
length  of  the  calyx,  the  lobes  obovate,  entire  or  somewhat 
eroae,  7-8  mm.  long;  ovules  solitary  in  each  cell. 

Type  in  Herb.  Univ.  of  Wyo.;  collected  by  0.  S.  Cran- 
dall  at  Cimarron,  Montrose  Co.,  Colo.,  May  18,1898. 

aa.  Flowers  not  nodding. 

P.  LINEARIFOLIA  (Hook.)     A.  Gray.  P.  speciosa  Lindl. 
Bot.  Reg.  1. 1351  (1828).    P,  speciosa  var.  linearifolia 
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Hook.  Kew.  Joum.  Bot.  3:289  (1851).     P.  lineari- 
folia  A.  Gray,  Syn.  Fl.  2:133  (1878). 

Loosely  tufted,  more  or  less  suffrutescent  with  erect  or 
assorgent  stems;  entirely  glabrous  or  roughish  pubescent; 
leaves  narrowly  linear,  pungent,  2-5  cm.  long,  1-2  mm.  wide; 
flowers  as  a  rule  long-pedicelled;  calyx  more  or  less  angled 
bv  the  i*eplication  of  the  sinuses,  often  strongly  so,  the  teeth 
somewhat  acerose,  pungent,  about  the  length  of  the  tube, 
corolla  white,  blue  or  rose-color,  the  tube  less  than  twice 
the  length  of  the  calyx,  the  lobes  obovate  or  narrowly  so, 
nsually  entire,  8-12  mm.  long;  ovules  lor  2  in  each  cell.  On 
the  interior  plains  of  the  Columbia  River  and  its  tributaries 
in  Western  Idaho,  Washington  and  Northern  Oregon.  Type 
lacalitj;  "N.  W.  America,  Plains  of  the  Columbia." 

This  species  presents  considerable  variation  in  habit 
and  degree  of  pubescence.  Forms  like  C.  V.  Piper's  speci- 
i  mens  from  AJm-ota,  Washington,  have  usually  passed  as 
P.  linearifolia  among  recent  collectors,  while  glabrous  forms 
have  been  labeled  P.  Umgifolia.  It  is  not  readily  distin- 
guished from  P.  longifolia,  which  displaces  it  in  the  Rocky 
Mountain  region  but  is  however  as  a  rule  separated  from 
that  by  its  shorter  and  narrower  leaves. 

Specimens  examined:  Idaho;  J.  H.  Sandberg,  No.  25,  "Common 
on  hillsides,  valley  of  Clearwater  River,  Nez  Perces  County,"  1892. 
(This  form  is  erect  in  habit,  many-stemmed  from  the  base  and 
glabrous  or  only  slightly  pubescent,  with  calyx  moderately  angled 
and  two  ovules  in  each  cell.  It  seems  to  fit  the  description  of  P. 
speciosa  Lindl.  in  Hook.  Fl.  Bor.  Am.  2:72  as  well  as  any  specimens 
seen);  L.  F.  Henderson,  Lewiston,  1894;  A.  A.  &  B.  Gertrude  Heller, 
Lewiston,  1896  (glabrous,  leaves  even  5  cm.  long;  calyx  15  mm.  long, 
ovules  2  in  each  cell):  Washington;  Chas.  A.  Ramm, 
Spokane,  Co.,  1883  (slender  form);  L.  F.  Henderson, 
Sprague,  1892,  Yakima,  1892  (corolla  lobes  obovate,  7  mm. 
long);  W.  R.  Hull,  Pataha,  1892;  E.  R.  Lake,  Wawawai,  1892;  C.  V. 
Piper,  Almota,  1893  (very  pubescent,  persisting  stems  prostrate,  the 
annual  ones  erect  or  assurgent,  corolla  lobes  narrowly  obovate,  10-12 
film,  long,  ovules  usually  2  in  each  cell) ;  C.  V.  Piper,  Wawawai,  1893 
(pubescent,  corolla  lobes  15  mm.  long,  acuminate-acute) ;  Mrs.  W.  L. 
Steinweg,  North  Yakima,  1894;  H.  H.  Hindshaw,  Pasco,  1896;  C.  V. 
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Piper,  North  Takima,  1898  (a  low  form  with  weak  stems  and  green 
spreading  leaves,  about  2  cm.  long,  glabrous,  calyx  strongly  angled, 
corolla  lobes  mostly  cuneate-dblong,  6-9  mm.  long,  ovules  2  in  each 
cell):    Oregon;  Rev.  M.  Spalding,  Clearwater,  No.  11,963. 

P.  VIBIDA  n.  sp. 

Rather  woody  at  base,  the  annual  stems  numerous 
erect  and  leafy,  6-10  cm  high,  rarely  15  cm;  glabrous  below, 
viscid-pubescent  above  and  with  a  few  longer  crisp  hairs  on 
the  calyx;  leaves  noticeably  green,  linear,  pungent,  2-3  cm. 
long,  1  mm.  wide;  flowers  usually  in  contracted  corymbose 
cymes,  with  rather  stout  pedicels;  calyx  moderately  angled 
by  the  replication  of  the  sinuses,  the  teeth  the  length  of  the 
tube  and  pungent;  corolla  light  blue,  the  tube  somewhat 
exceeding  the  calyx,  the  lobes  cuneate-obovate,  emarginate 
or  nearly  obcordate,  6-7  mm.  long;  ovules  solitary  in  each 
cell. 

Characterized  by  its  viscid  pubescence  and  unusually 
green  leaves.  Type  in  Herb.  Agr'.l.  Coll.  Wash.;  collected  by 
C.  V.  Piper,  Ellenburg,  Washington,  May  20,  1897;  also, 
from  Idaho,  by  A.  Isabel  Mulford,  Boise  flats,  1892. 

p.  VISOIDA  n.  sp. 

Stems  erect,  10-15  cm.  high;  viscid  pubescent  through- 
out, the  pedicels  and  calyx  densely  so,  the  latter  also  some- 
what hirsute;  leaves  noticeably  green,  linear  to  narrowly 
lanceolate,  pungent,  2-4  cm.  long,  2-4  mm.  wide;  flowers  on 
pedicels  1-2  cm.  long;  calyx  13  mm.  long,  with  sinuses  only 
slightly  replicate  (in  type  apparently  not  at  all),  the  teeth 
about  the  length  of  the  tube,  green,  apiculate ;  corolla  rose- 
color  (?),  the  tube  slightly  exceeding  the  calyx,  the  lobes 
obovate  or  narrower,  finely  erose,  7  mm.  long;  ovules  soli- 
tary in  each  cell. 

I  confidently  propose  this  as  a  new  species.  Its  viscid 
pubescence  and  much  broader  leaves  at  once  distinguish  it 
from  P.  longifolia  and  P.  linearifolia.  It  has  been  labeled 
P.  longifolia  var  Stanshuryi,  with  which  it  cannot  be  assoc-^ 
iated,  its  relationship  being  rather  with  P.  longifolia.  Type 
in  Herb.  Agr'l.  Coll.,  Wash. 


i 
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Specimens  examined:  Washington;  Thos.  Howell,  No.  1380, 
Klickitat  Valley,  1881;  C.  V.  Piper,  Blue  Mts.  Columbia  Co..  June  15, 
1896  (tjrpe):  California;  H.  N.  Bolander. 

P.  LONGIPOLIA  Nutt.  Journ.  Acad.  Phila.  7:41  (1834). 
P.  apeciosa  var.  b  Hook.  Fl.  Bor.  Am.  2:72  (183S). 
p.  humilis  Dougl.  Benth.  in  DC.  Prodr.  9: 806  (1845). 

Usually  erect  in  habit,  10-25  cm.  high;  finely  pubescent 

or  glabrous;  leaves  linear,  with  prominent  midveins  and 

somewhat  thickened  cartilaginous  margins,  3-6  cm.  long, 

2-3  mm.  wide;  flowers  on  pedicels  1-3  cm.  long;  calyx  with 

slightly  replicate  sinuses;  corolla  white,  the  tube  somewhat 

exceeding  the  calyx,  the  lobes  obovate  or  cuneate-obovate, 

I  entire,  emarginate  or  erose,  8-10  mm.  long;  ovules  generally 

solitary  in  each  cell.    Along  the  western  side  of  the  Rocky 

j  Mountains  from  Montana  to  Colorado  and  Utah,  also  in 

k  Oregon  (Blue  Mountains)  and  Washington. 

Hooker  gives  as  the  range  of  his  P.  speciosa  var  ft, 
"ftubalpine  range  of  the  Rocky  Mountains  near  perpetual 
snow,  and  on  the  Blue  Mountains,  N.  W.  Am.,"  which  indeed 
seems  to  be  nearly  the  range  of  this  species  for  although  it 
belongs  principally  to  the  Rocky  Mountain  region  a  low  far 
western  form  must  also  be  referred  here.  P,  humilis,  a 
form  growing  "in  aridis  sabulosis  ad.  flum.  Columbia 
Americae  boreali-ocdd.,"  is  P.  speciosa  tmr  ft,  Hook,  in  part. 
It  is  probable  that  Douglas  based  his  P.  humilis  on  speci- 
mens similar  to  those  cited  below  from  Oregon  and  Wash- 
ington. There  seems  to  be  nothing  however  which  would 
warrant  its  separation  from  P.  longifolia. 

On  the  whole  it  is  a  little  stouter  in  habit  and  with 

^  shorter  pedicels  than  P.  linearifolia.    Its  pubescence  is  finer 

and  the  ovules  are  seemingly  always  solitary  in  each  cell. 

To  the  south  it  gradually  passes  into  P.  SItanshiiryi,  yet  from 

the  typical  forms  of  that  it  is  readily  distinguished. 

Specimens  examined:  Montana;  F.  V.  Hayden,  Madison  River, 
I860:  W.  F.  Shaw,  Bozeman,  1892;  Mrs.  C.  H.  Moore,  Bu  te,  1893: 
Mrs.  Hodgman,  Gallatin  Co.:  Wyoming;  F.  V.  Hayden,  (a  series  of 
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collections),  Jackson's  Hole,  1860;  Aven  Nelson,  No.  4629,  Cokeville, 
1898:  Colorado;  J.  H.  Cowan,  Leroux  Creek,  Delta  Co.,  1892;  C.  S. 
Crandall,  Palisades,  Mesa  Co.,  1898:   Utah;   M.  E.  Jones,  Salt  Lake 
City,  1880:    Washington;   Kirk  Whlted,  Weuatchee,  1896:    Oregon; 
Rev.  M.  Spalding. 

P.  LONGIFOLIA  PUBEBX7LA  n  var. 

Low,  1  dm.  high  or  less,  stems  erect  or  ascending;  more 
or  less  glandular-pubenilent,  very  densely  so  on  the  pedicels 
and  calyx,  nearly  destitute  of  roughish  hairs;  leaves 
usually  spreading,  linear,  bluntish  at  tip  or  apiculate,  2-4 
cm.  long,  1-2.5  mm.  wide;  replication  of  the  calyx  sinuses 
very  slight  and  inconspicuous;  corolla  light  blue  or  lilac,  the 
lobes  obovate  or  cunate-obovate,  retuse  or  blunt,  7-12,  mm. 
long;  ovules  solitary  in  each  cell. 

I  thus  designate  what  seems  to  be  quite  a  distinct  form, 
which,  were  it  not  for  its  gradual  gradation  into  P.  longi- 
folia,  would  be  a  good  species.  Type,  No.  4544,  in  Herb. 
Univ.  of  Wyo. ;  collected  by  Aven  Nelson  at  Evanston,  Wyo., 
June  5, 1898;  also  No.  2964,  from  same  locality,  1897. 

P.  STANRBrRYI  (Torr.)  Heller,  Bull.  Torr.  Bot.  Club. 
24:478  (1897).  P.  speeiosa  mr.  (?)  Stansburyi  Torr. 
Bot.  Mex.  Bound.  145  (1859).  P.  longifolm  var. 
Stansburyi  A.  Gray.  Proc.  Am.  Acad.  8:255  (1870). 

Stems  several  from  a  ligneous  base,  rather  stout, 
usually  simple  below,  cymosely  branched  above  into  leafy- 
bracted  corymbs,  about  1  dm.  high;  pubescent  throughout, 
roughly  so  above,  the  pedicels  and  calyx  usually  glandular; 
leaves  thick,  usually  recurved-spreading,  linear  or  linear- 
lanceolate,  apiculate,  20-35  mm.  long,  2-3  mm.  wide;  flowers 
on  pedicels  5-15  mm.  long;  calyx  1  cm.  long,  the  sinuses 
more  or  less  replicate,  the  teeth  apiculate  or  somewhat  cus- 
pidate attenuate,  as  long  as  the  tube;  corolla  pink  or  rose- 
color,  the  tube  f«illy  twice  the  length  of  the  calyx,  the  lobes 
cuneate-obovate,  erose,  emarginate  or  retuse,  7-8  mm.  long; 
ovules  usuallv  one  in  each  cell.  Southern  California  to  New 
Mexico,  Southern  Colorado  and  Utah.  Type  locality;  Organ 
and  San  Luis  Mountains,  New  Mexico. 
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Specimens  examined:  California;  Coville  and  Funston,  No.  744, 
Panamint  Mts.,  1891:  Utah;  Henry  Englemann,  Salt  Lake  City,  1872; 
M.  E.  Jonea,  Cisco,  1890,  No.  5198,  Cedar  City,  1894;  Arizona;  B.  Pal- 
mer. Cottonwood  Creek,  1876;  H.  H.  Rusby,  1883;  M.  B.  Jones,  1884; 
C.  C.  Pringle,  Santa  Rita  Mts.,  1884;  C.  G.  Pringle,  Santa  Rita  Mts., 
1885:  New  Mexico;  B.  O.  Wooton,  No.  158,  Organ  MtS:,  1892;  A.  A 
and  E.  Gertl-ude  Heller,  Barranca,  1897:.  Colorado;  T.  S.  Brandegee, 
Devirs  Canon,  1878;  Alice  Eastwood,  Crested  Butte,  1890. 

P.  STANSBUBTI  BBEVIPOLIA  (A.  Gray)  n.  com. 

P.  longifoUa  var,  Stansburyi  A,  Qray  forma  hrevi- 
folia  A.  Graj,  Proc,  Am.  Acad.  8:255  (1870).  P. 
kmgifolia  xmr,  Stansburyi  A,  Gray  subvar.  hrevifolia 
A.  Gray,  Wats,  in  Bot.  King  Surv.  261  (1871).  P. 
longifoUa  var.  hrevifolia  A.  Gray,  Syn.  Fl.  2:133 
(1878). 

\  Low,  5-6  cm.  high;  leaves  short  and  broad,  ovate  to 

lanceolate  or  narrowly  oblong,  apiculate-acute,  6-15  mm. 
iong,  34  mm.  wide;  pubescent  throughout,  the  pedicels  and 
calvx  glandular. 

Specimens  examined:  Nevada;  M.  E.  Jones,  Reno,  1897:  Northern 
Arizona;  E.  Palmer,  No.  306,  1877. 

I  ,  [Corolla  tube  tubular-funnelform,  nearly  twice  the  length  of 
the  calyx. 

P.  TBNUirOLIA  n.  sp. 

Erect  sufTruticose  perennial,  5  dm.  high  or  more,  the 
annual  stems  25-80  cm.  long,  the  internodes  often  6  cm.  long; 
glabrous  below,  sparsely  glandular-pubescent  above,  the 
calyx  hirsute-ciliate;  leaves  linear-attenuate,  25-35  mm. 
long;  flowers  in  lax  irregular  corymbose  cyme-*,  the  pedicels 
1  cm.  long;  calyx  6-10  mm.  long,  with  sinuses  barely  if  at  all 
replicate,  the  teeth  lanceolate-attenuate,  shorter  or  even 
longer  than  the  tube;  corolla  white,  the  tube  twice  as 
broad  at  throat  as  at  base,  nearly  twice  the  length  of  the 
calyx,  the  lobes  oblong  or  cuneate-oblong,  erose,  8  mm. 
long;  ovules  solitary  in  each  cell. 

The  type  of  this  excellent  species  is  in  Herb.  Mo.  Bot. 
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Garden;  colected  by  C.  G.  Pringle  in  the  "Rocky  canyons  of 
the  Santa  Catilina  Mts.,"  Arizona,  April  11,  1881.  It  has 
also  been  collected  by  J.  W.  Tourney  in  the  same  locality 
and  by  W.  T.  Parish  at  Lowell,  Ariz. 

II  11  iJCorolla  tube  3  to  4  times  the  length  of  th3  cilyx. 

P.  DOLICANTHA  A.  Gray,  Proc.  Am.  Acad.  22:310  (1887). 

Herbaceous  to  the  ground,  about  1  dm.  high,  the  stems 
branched,  the  branches  opposite  below  and  equalling  the 
main  stem;  sparsely  pubescent  more  or  less  throughout  with 
short  glandular-tipped  hairs,  noticeably  so  on  the  pedicels 
and  calyx;  leaves  thick  and  with  prominent  midribs,  alter- 
nate above,  linear  to  lanceolate,  the  larger  ones  with  occas- 
ional retrose  teeth,  those  on  the  main  stems  30-50  mm.  long, 
5-8  mm.  wide,  those  on  the  branches  25-35  mm.  long,  2-4  mm. 
wide;  flowers  scattered,  on  stout  pedicels,  the  latter  10-25 
mm.  long;  calyx  with  sinuses  barely  if  at  all  replicate,  the 
teeth  slightly  shorter  than  the  tube;  corolla  rose-color  (?), 
the  tube  3-4  times  the  length  of  the  calyx,  the  lobes  obovate, 
entire,  9-10  mm.  long;  ovules  solitary  in  each  cell.  San 
Bernardino  Mountains  of  southeastern  California  and  Pah- 
ranagat  Mountains  of  southeastern  Nevada. 

Specimens  examined  from  southeastern  California;  S.  B.  Parish, 
Nos.  1880,  1838  (1886)  and  2956  (1894),  San  Bernardino  Mts. 

■ 

ttStyle  not  exceeding  the  calyx. 

P.  HIBSUTA  n.  sp. 

Very  woody  at  base  with  stout  annual  stems,  the  latter 
about  1  dm.  high;  coarsely  hirsute  throughout  with  long 
jointed  hairs;  leaves  thick  and  rigid  with  granular- 
roughened  and  often  a  little  revolute  margins,  ovate  to  lan- 
ceolate, on  sterile  shoots  linear,  about  2  cm.  long;  flowers 
subsessile  or  short-pediceled ;  calyx  with  very  narrow  white- 
membranous  sinuses  not  replicate,  the  teeth  rigid  and  some- 
what bisulcate,  lanceolate  or  linear,  apiculate;  corolla  tube 
exceeding  the  calyx;  corolla  lobes  broadly  cnneate-obovate, 
entire,  about  8  mm.  long;  style  4  mm.  long,  shorter  than  the 
calyx;  ovules  solitary  in  each  cell. 
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The  short  style  and  hirsute  pubescence  distinguish  this 
from  any  of  the  other  species  of  this  group.  Its  relationship 
is  apparently  with  P.  Stanshuryi  par  hrevifolia.  The  type  is 
in  the  Herb.  Mo.  Bot.  Garden;  collected  by  E.  L.  Greene,  No. 
719,  near  Yreka,  Siskiyou  County,  California,  May  26,  1876. 

ttCorolla  tube  slightly  pubescent. 

P.  ADSUBGENS  Torr.  Gray,  Proc.  Am.  Acad.  8:256  (1870), 
Gray,  Syn.  PI.  2:133. 

Oregon  and  Northern  California.  Type  locality;  "Canon 
Pass,  Oregon." 

I  Specimens  examined:     Oregon;  Wm.  C.  Cusick,  Linn  Co.;   Th. 

Howell,  Coast  Mts.  near  Roseburg,  1887;   L.  F.  Henderson,  Crow- 
I  Creek  Mts.,  Glendale,  1887;   Miss  Chandler,  Glenbrook,  1896:   Cali- 

i  foraia;  Mrs.  Stringer,  Selad  Valley,  Siskiyou  Co.,  1897. 

1^  ***Suffrute8cent  or  nearly  herbaceous  perennials,  with  more  or 

less  distant  linear  or  Unceolate  leaves;  flowers  in  cymose  clusters 
or  scattered;  calyx  with  white  membranous  sinuses  not  replicate  or 
only  slightly  so,  rarely  produced  into  salient  angles;  corolla  tube 
somewhat  hairy  near  the  base  within;  slightly  exceeding  the  calyx, 
rarely  twice  its  length;  style  very  short,  not  longer  than  the  ovary 
or  stigmas;  ovules  1  to  3  in  each  cell. 

tOvules  solitary  in  each  cell;  corolla  lobes  usually  obcordate  or 
retuse. 

P.  LANOEOLATA  n.  sp. 

Stems  short  and  stout,  from  a  woody  base,  10-15  cm. 
high;  finely  glandular-pubescent  throughout,  pedicels  and 
calyx  viscid;  leaves  thick  and  rigid,  with  prominent  mid- 
ribs and  cartilaginous  margins,  lanceolate,  the  upper  dilated 
at  base,  those  on  sterile  shoots  linear,  2-4  cm.  long;  flowers 
\  in  congested,  leafy-bracted  corymbose  clusters;  corolla 
white,  the  tube  slightly  exceeding  the  calyx,  the  lobes 
obcordate  or  only  retuse,  about  8  mm.  long;  ovules  solitary 
in  each  cell.    Washington. 

A  good  species,  characterized  by  its  broad,  thick,  rigid 
leaves,  its  viscid  pubescence  and  very  close  flower  clusters. 
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Type  in  Herb.  Agr'l.  Coll.  Wash.,  collected  by  C.  V.  Piper, 
Ellenburg,  Wash.  1897;  also,  by  L.  P.  Henderson,  Clement's 
Mt.,  Yakima  Co.,  Wash.,  1897. 

P.  SPECIOSA  Pursh,  PI.  Am.  Sept.  1 .149  (1814). 

Shrubby  at  base,  erect  in  habit,  5-10  dm.  high,  profusely 
flowered;  glandular-puberulent  or  viscid  above,  usually  gla- 
brous below;  leaves  with  more  or  less  prominent  cartilag- 
inous margins  and  the  leaf  surface  nitidous  under  a  lens, 
linear,  4-7  cm.  long,  those  on  the  sterile  shoots  about  2  mm. 
wide,  those  on  the  flowering  stems  broader  and  the  upper 
linear-attenuate  from  a  dilated  base;  flowers  in  lax  corym- 
bose clusters;  corolla  rose-color  or  white,  the  tube  a  little 
exceeding  the  calyx,  the  lobes  obcordate,  8-14  mm.  long; 
ovules  solitary  in  each  cell.  Western  Idaho  and  Washing- 
ton.   Type  locality;  "On  the  plains  of  the  Columbia." 

Specimens  examined:  Idaho;  L.  F.  HendersoD,  JuHaetta,  Latah 
Co.,  1895;  A.  A.  &  E.  Gertrude  Heller,  Nez  Perces  Co.,  1896:  Washing- 
ton; C.  V.  Piper,  Almota,  1893,  Pullman,  1893  and  1894;  Sandberg  and 
Lelberg,  Spokane,  1893;  A.  D.  E.  Elmer,  Nos.  148  and  839  Pullman, 
1896  and  1897. 

P.  SPECIOSA  SABINI  (Dou^J.)  A.  Gray.  P.  speciosa  Lindl. 
var.  g  Hook.  Fl.  Bor.  Amer.  2:72  (1838).  P.  sahini 
Doug:!,  in  Hook.  Kew.  Journ.  Bot.  3 :  289  (1851).  P. 
speciosa  Pursh.  var.  Sabini  A.  Gray,  Syn.  Fl.  2:131 

(1878). 

Like  the  species  but  corolla  lobes  entire  or  nearly  so. 

Rang:e  of  the  species. 

Specimens  examined:  Washington;  W.  R.  Hull,  Pullman,  1892; 
C.  V.  Piper,  Almota,  1893:  Idaho;  L.  F.  Henderson,  "Sunny  Bluffs 
near  Jullaetta,"  1895. 

P.  OCCIDENTALIS  Durand,  in  Pacif.  R.  Rep.  4:125  mm), 
P,  speciosa  var.  latifolia  Hook.  Kew.  Journ.  Bot. 
3:289  (1851).  P.  divaricata  Durand,  PI.  Pratt,  in 
Journ.  Acad.  Phila.  ser.  2,  3  (1855). 

More  or   less   shrubby  at  base,   1-3   dm.   high,   stems 
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usually  assurgent,  often  erect;  glandular-puberulent  or 
somewhat  viscid  above,  often  entirely  glabrous;  leaves  lan- 
ceolate to  linear,  3-5  cm.  long,  4-9  mm.  wide,  those  on  sterile 
shoots  linear,  about  4  mm.  wide,  flowers  in  leafy- 
bracted  clusters;  corolla  white  or  rose-color,  the  tube  some- 
what exceeding  the  calyx,  the  lobes  obcordate,  often  deeply 
so,  7-12  mm.  long;  ovules  solitary  in  each  cell.  California  to 
Washington.  Type  locality;  "Hill-sides,  near  Duflfield's 
Ranch,"  California. 

This  is-  intermediate  between  P,  Woodhousei  and  P. 
speciosay  differing  from  the  latter  in  its  broader  leaves  and 
leafy-bracted  flower  clusters.  It  is  very  common  in  Cali- 
fornia, and  extends  northwards  to  Washington,  while  P. 
speciosa  seems  to  be  confined  to  the  region  drained  by  the 
Columbia  River. 

Specimens  examined:  California;  W.  I.  Fisher,  No.  585,  San 
Diego,  1876;  E.  L.  Greene,  No.  767,  Yreka,  Siskiyou  Co.,  1876;  G.  I  isen, 
No.  585.  Fresco  Co.,  1877;  Mrs.  R.  M.  Austin,  Plumas  Co.,  1877;  J.  G. 
Lemmon,  No.  37,  Mts.,  Plumas  Co.,  1879;  T.  S.  Brandegee,  Amador 
Co.,  1886;  Geo.  Hanson,  Nos.  120  and  910  Amador  Co.,  1891,  1893  and 
1895;  Alice  Eastwood,  Sequoia  Mills,  Fresco  Co.,  1894;  H.  E.  Brown. 
No.  316,  Sisson,  Siskiyou  Co.,  1897;  M.  E.  Jcnes,  Diamond  Mt,  1897; 
Q.  P.  Rixford,  Eldorado,  1898:  Washington;  T.  S.  Brandegee,  No. 
14,187,  Yakima  region  of  Cascade  Mts.,  1882;  W.  N.  Sukedorf,  No.  883, 
1886,  No.  2208,  Klickitat  Co..  1893;  Mrs.  W.  L.  Stein weg,  Cascade 
Mts.,  1894;  Kirk  Whited,  Weuatchee,  1896. 

P.  WOODHOUSEI  (A.  Gray)  n.  sp. 

P.  7iana  Torr.  in  Sitgreaves  Rep.  115  (1853),  not 
Nutt.  P.  speciosa  tar,  Woodhousei  A.  Gray,  Pror. 
Am.  Acad.  8:256  (1870). 

Low,  5-10  cm.  high,  stems  few  from  a  ligneous  base,  the 
short  sterile  ones  very  leafy,  the  flowering  ones  corymbosely 
branched  above;  glandular  pubescent,  usually  glabrous 
below;  leaves  thick  and  rigid,  those  of  the  sterile  shoots 
oblong-linear,  abruptly  acute,  3-4  cm.  long,  3-5  mm.  broad, 
those  of  the  flowering  stems  shorter  and  often  nearly  oblong, 
not  at  all  dilated  at  base;  flowers  few,  on  pedicels  5-20  mm. 
long;  calyx  about  7  mm.  long;  corolla  pink  (?),  the  tube 
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nsually  twice  the  length  of  the  calyx,  the  lobes  cuneate- 
obcordate,  usually  deeply  so,  6-8  mm.  long;  ovules  solitary 
in  each  cell.  Arizona.  Tvpe  locality;  "lat.  35°^  long.  112° 
20'." 

A  good  species,  having  a  distribution  far  removed  from 

the  species  to  which  it  has  been  allied.    Its  small  size  and 

oblong-linear  leaves  distinguish  it.    It  is  very  leafy  at  base 

while  the  flowering  stems  are  as  a  rule  comparatively  naked. 

Specimens  examined  from  Arizona:  E.  Coues  and  E.  Palmer, 
Nob.  122,  210,  308  and  376,  Fort  Whipple,  1865;  Anderson,  Williama 
Mt.,  1865;  H.  H.  Rusby,  Ash  Fork,  San  Francisco  Mts.,  1883;  M.  E. 
Jones,  San  Francisco  Mts.,  1890. 

ttOvules  2  to  3  in  each  cell;  corolla  lobes  entire  or  nearly  so. 

P.  TRIOVULATA  Thurb.  in  Bot.  Mex.  Bound.  145  (1859). 
P.  naiva  var,  glabella  A.  Gray,  Proe.  Am.  Acad.  S:2r)6 

(1870). 

Stems  usually  slender,  simple  or  very  little  branched, 
1-2  dm.  high  somewhat  canescent-pubescent  throughout  or 
sometimes  nearly  glabrous;  leaves  nearly  all  opposite, 
linear,  3-4  cm.  long,  1-2  mm.  wide;  flowers  few  and  often 
solitary;  calyx  with  sinuses  very  slightly  replicate,  each 
plica  often  produced  into  a  tiny  spur  near  the  base  of  the 
calyx;  corolla  "wJiite"  or  "purplish,"  the  tube  usually  gla- 
brous, somewhat  exceeding  the  calyx,  the  lobes  broadly 
obovate  entire  or  erose-denticulate,  about  12  mm.  long; 
ovules  2  or  3  in  each  cell.  New  Mexico  and  Southeastern 
Arizona.  Localities  cited  at  place  of  original  publication; 
"Ravines,  Mule  Spring,"  "Rio  Mimbres"  and  ^TEscondido," 
New  Mexico. 

This  is  sufficiently  dintinct  from  P.  nana  to  be  a  species. 
Its  slender  habit  and  narrow  leaves  at  once  separate  it  from 
that.  The  corolla  tube  is  also  much  more  glabrous  and  the 
calyx  sinuses  are  inclined  to  be  a  little  replicate.  It  varies 
from  somewhat  canescent-pubescent  to  nearly  glabrous. 
Originally  it  was  described  as  "canescently  pubescent,"  yet 
there  are  very  few  specimens  to  which  that  term  can  be  ap- 
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plied.     For  that  reason  Dr.  Gray  placed  P.  iriomdata  as 

svnonymn  of  P.  nana,  and  named  the  slender  glabrate  form 

P.  nana  var,  glabella.    Such  disposition  is  not  satisfactory. 

for  P.  triovulata  and  P.  nana  glabella  together  constitute  a 

distinct  species,  having  the  same  slender  stems  and  narrow 

leaves  and  differing  only  in  the  amount  of  pubescence.    The 

two  numbers,504  and  1654, which  Dr.Gray  cites  as  belongin^^ 

to  the  smoothish  variety,  are  also  cited  at  the  original  place 

of  publication  of  P.  triovulatay  and  a  specimen  seen  of  the 

latter  number  is  canescent-pubescent  and  has  the  tiny  spurs 

mentioned  in  the  description  above. 

Specimens  examined:  New  Mexico;  C.  C.  Wright,  Nos.  504  (1849) 
and  1864  (1851-52);  A.  Wielizenus.  1846-1847;  B.  O.  Wooton,  Nos.  13  5 
and  447p  Organ  Mountains,  Dona  Ana  Co.,  No.  575,  White  Mountains, 
Lincoln  Co.,  1897:  Arizona;  J.  G.  Lemmon,  No.  415,  Rucher  VaUey, 
Chirricahua  Mts.,  1881. 

P.  NANA  Nutt.  PI.  Gamb.  153  (1848). 

Herbaceous  to  the  ground  or  somewhat  ligneous  at 
base,  1-2  dm.  high,  stems  freely  branched;  roughish  pubes- 
cent throughout  and  more  or  less  glandular;  leaves  spread- 
ing, opposite  below  alternate  above,  lance-linear,  on  the 
main  stems  20-35  mm.  long,  3-4  mm.  wide,  on  the  lateral 
branches  shorter  and  narrower;  flowers  scattered  or  some- 
what corymbose,  on  pedicels  5-35  mm.  long;  calyx  teeth 
slightly  longer  than  the  tube,  green  and  apiculate;  corolla 
"red"  or  "white,"  the  tube  pubescent,  somewhat  exceeding 
the  calvx,  the  lobes  broadlv  cuneate-obovate,  entire  or  with 
wavy  margins,  often  mucronate,  about  15  mm.  long;  ovules 
2  or  3  in  each  cell.  Common  in  New  Mexico,  also  in 
Arizona. 

Specimens  examined:  New  Mexico;  A.  Wislizenus,  Las  Vegas, 
1846;  A.  Fendler,  Santa  Fe  Creek  Valley,  1847;  T.  S.  Brandegee, 
Santa  Fe  Co.,  1879;  George  Englemann,  "Hills  and  mountain  sides 
about  Santa  Fe  and  sandy  soil  along  Santa  Fe  Creek/'  1881;  A.  A. 
&  B.  Gertrude  Heller,  "Canon  near  Santa  Fe,"  1897:  Arizona;  J. 
W.  Blankinship,  Flagstaff,  1893. 

••••Annuals;  calyr  teeth  spreading,  linear  or  subulate-lanceolate. 
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setaceous-tipped,  with  age  ^becoming  recurved  and  split  to  the  base 
or  nearly  so;  corolla  tube  hairy  near  the  base  within;  style  not 
longer  than  the  stigmas;  ovules  1-5  in  each  cell.    All  Texan. 

tCorolla  tube  pubescent,  exceeding  the  calyx;  ovules  solitary  in 
each  cell. 

P.  A8PEBA  n.  sp. 

Annual  (?)  branched  from  the  base,  12-17  cm.  high,  the 
stems  simple  and  strict  with  opposite  leaves  up  to  the  close 
cymose  clusters  of  short-pedicelled  flowers;  pubescen 
throughout  with  short  rigid  hairs,  the  stems  puberulent 
and  with  some  longer  spreading  hairs,  the  pedicels  and 
calyx  glandular;  leaves  narrowly  lanceolate  to  linear,  20- 
45  mm.  long,  3-5  mm.  wide,  somewhat  rigid  and  of  firm  tex- 
ture; calyx  teeth  more  or  less  purple,  about  twice  the  length 
of  the  tube,  setaceous-tipped;  corolla  violet  (?),  the  tube 
glandular-pubescent,  nearly  twice  the  length  of  the  calyx, 
the  lobes  cnnate-obovate,  mucronate-acute,  12  mm.  long; 
ovules  solitary  in  each  cell.    Texas. 

A  well  marked  species,  readily  distinguished  from  P, 
Drummondii  by  its  habit  and  entirely  different  character  of 
pubescence.  Type  in  Herb.  Mo.  Bot.  Garden;  collected  by 
A.  A.  Heller  at  Kerrville,  Kerr  County,  southern  Texas, 
April  19-25,  1894. 

P.  DRUMMONDII  Hook.  Bot.  Mag.  t.  8441.    Gray,  Proc. 

Am.  Acad.  8:257.    Gray,  Syn.  Fl.  2:184. 

Texas. 

Specimens  examined  from  Texas:  L*ndheirBer;  "S^ndy  tribu- 
tary of  Mill  Creek,"  1839;  1843;  No.  275,  1844;  Nos.  426  and  42'',  Vic- 
toria. 1845;  1847;  No.  425,  Victoria,  1848. 

P.  DRUMMONDII  VILLOSISSIMA  A.  Gray,  Proc.  Am. 
Acad.  2:257  (1870).    Gray,  Syn.  PI.  2:134. 

Type  locality;  "Texas,  in  the  pebbly  bed  of  the  Nueces.*' 
A.  A.  Heller's  specimens  from  Nences  Bay,  Neuces  Co., 

March  12,  1894,  is  doubtfully  referred  here,  notwitstandinjix 

its  lack  of  viscosity  and  its  smaller  flowers. 
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P.  TENUIS  (A.  Gray)  n  sp. 

P.  Drummondii  var.  tenuis  A.  Gray,  Proc.  Am.  Acad. 
8: 257  (1870).    Gray,  Syn.  Fl.  2: 134. 

Type  locality;  "Eastern  Texas." 

This  should  have  specific  rank.    It  is  very  distinct  from 

P.  Drummondii  and  no  intermediate  forms  have  been  seen. 

It  is  a  much  smaller  plant,  entirely  devoid  of  coarse  villous 

hairs  and  only  slightly  pubescent  or  glabrate. 

Specimens  examined  from  Texas:  F.  Lindheimer,  Victoria,  1S45 
(several  specimens);  E.  Hall,  Hempstead,  Eastern  Texas,  1872,  No. 
478;  C.  Wright,  No.  11,964. 

ttCorolla  tube  glabrous,  not  exceeding  the  calyx;  ovules  4-5  in 
each  cell. 

P.   ROEMERIANA   Scheele,  Linnaea,  21:752   (1848).     P. 

macrantha  Buckley,  Proc.  Acad.  Phila.  p.  5  (1862). 

Gray,  Proc.  Am.  Acad.  8:257.    Gray,  Syn.  Fl.  2: 134. 

Texas. 

Specimens  examined:  F.  Lindheimer,  No.  467,  Camale  Spring, 
1845;  No.  68,  San  Antonio,  1846;  New  Braunfels,  1848. 


PHLOX, 
adsurgens  Tonr.  4,  29 
albomarginata  Jones  16 
albomar^inata  minor  Jones  16 
alyssifolia  Greene  5 
andicola  (Britt.)  Elias  Nelson  II, 

aspera  Elias  Nelson  34 
austromontana  Coville  4,  12,  19 
austromontana    prostrata  Elias 

Nelson  12,  19 
bryoides  Nutt.  9 
caespitosa  Nutt.  11,  14,  15,  18 
caespitosa  condensata  A.  Gray  13 
caespitosa    rigida    (Benth.)    A. 

Gray  16 
canescens  T.  &  G.  4,  10,  1 1 
cernua  Elias  Nelson  22 
condensata  (A.  Gray)  Elias  Nel 

son  13,  18 
cofidensata    Hendersoni     Elias 

Nelson  14 
Covillei  Elias  Nelson  4,  16 
diffusa  Benth.  16,  18 
divaricata  Durand  30 
dolicantha  A.  Gray  4,  28 
Douglasii  Hook.  3,  11,  17,  19 
Douglasii  andicola  Britt.  1 1 
Douglasii  diffusa  A.  Gray  16,  18 
Douglasii  longifolia  A.  Gray  1 1,  12, 

18,  20 
Drummondii  Hook.  34,  35  ' 
Drummondii  tenuis  A.  Gray  35 
Drummondii     villosissima     A. 

Gray  34 
gladiformis  (Jones)  Elias  Nelson 

4,21 
hirsuta  Elias  Nelson  28 
Hoodii  Rich.  9,  10,  11,  13 
Hoodii  glabrata  Elias  Nelson   II 
humilis  Dougl.  25 
Kelseyi  Britt.  21,  22 
lanceolata,  Elias  Nelson  29 
linearifolia  (Hook.)  A.   Gray    4, 

22,  23,  24,  25 


PHLOX, 
longifolia  Nutt.  4,  21,  23,  24,  26, 

26 
longifolia  brevifolia  A.  Gray  27 
longifolia  gladiformis  Jones  21 
longifolia  puberula  Elias  Nelson 

26 
longifolia  Stansburyi  A.   Gray  24, 

26 
niacrantha  Buckley  35 
multiflora  Aven  Nelson  13,  20 
multiflora  depressa  Elias  Nel- 
son 20 
muscoides  Nutt.  9,  10 
nana  Nutt.  4,  32,  33 
nana  glabella  A.  Gray  32^  33 
nana  Torr.  31 

occidentalis  Durand  4,  30 
Piperi  Elias  Nelson  18 
Richardsonii  Hook.  5 
rigida  Benth.  15 
Roemeriana  Scheele  36 
Sabini  Dougl.  30 
Sibirica  L.  4 
speciosa  Lindl.  22 
speciosa  b  Hook.  25 
speciosa  g  Hook.  30 
speciosa  linearifolia  Hook.  22 
speciosa  Stansburyi  Torr.  26 
speciosa  Pursh  4,  30,  31 
speciosa  latifolia  Hook.  30 
speciosa  Sabini  (Dougl.)  A.  Gray 

30 
speciosa  Woodhousei  A.  Gray  31 
Stansburyi  (Torr*)  Heller  4,  25, 26 
Stansburyi  brevifolia  (A.  Gray) 

Elias  Nelson  27,  29 
tenuifolia  Elias  Nelson  4,  27 
tenuis  (A.  Gray)  Elias  Nelson  36 
triovulata  Thurb.  4,  32,  33 
virida  Elias  Nelson  24 
viscida  Elias  Nelson  24 
Woodhousei  (A.  Gray)  Elias  Nel 

son  4,  31 
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NINTH  ANNUAL  REPORT 


...    OF   THE 


WYOHDNG  AGBICULTDRIL  EXFERIHINT  STATION. 


I  hereby  submit  the  ninth  annual  report  for  the  Wyo* 
ming  Agricultural  Experiment  Station  in  compliance  with 
congressional  enactment.  The  report  covers  the  work  of 
the  Station  during  the  fiscal  year  ending  June  30,  1899. 

ORIGIN  AND  PURPOSE. 

The  Wyoming  Agricultural  Experiment  Station  is  the 
department .  of  research  of  the  College  of  Agriculture  of 
the  University  of  Wyoming.     Congress  in  1887  appropri- 
ated ?15,000  annually  for  this  purpose,  and  on  January  10, 
1891,  the  Wyoming  Legislature  authorized  the  University  of 
Wyoming    to    receive   this   appropriation.      The  work   of 
the  Station   is  to  aid  in  the  acquiring  and  diffusing  among 
the  people  of  the  United  States,  and  especially  of  Wyoming, 
useful  and  practical  information  on  subjects  connected  with 
agriculture,  to  conduct  scientific  investigations  and  exper- 
iments on  the  physiology  of  plants  and  animals;  to  inves- 
tigate animal  and  vegetable  diseases  and  parasites;  to  chem- 
ically analyse  soils  and  water  and  vegetable  and  animal 
products;  to  acclimate  grains  and  grasses,  fruits  and  vege- 
tables, to  our  arid  climate  and  high  altitude;  to  ascertain  the 
best  methods  of  irrigation,  and  of  retaining  the  moisture 
in  the  soil;  to  find  the  best  breeds  of  stock,  and  the  best 
varieties  of  field  and  garden  crops  for  the  various  portions 
of  Wyoming;  and  to  carry  on  any  other  experiments  which 
promise  to  benefit  our  agricultural  and  grazing  interests. 
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The  results  of  these  experiments  are  published  in  the  Station 
Bulletins,  which  are  sent  free  upon  request  to  residents  of 
this  State. 

BUIXETIK8. 

The  bulletins  published  during  the  year  1898-99  have 
been  four  in  number,  the  title  and  a  brief  summary  of  each 
being  given  below.  These  bulletins  have  been  rather  pop- 
ular reports  of  the  investigations  by  the  station.  Other 
more  technical  papers-are  published  as  a  part  of  this  report 
and  are  as  follows:  "Alkali  Studies  III,"  "Alkali  Studies 
IV,"  "Meteorology  for  1898."  These  are  detailed  reports  of 
scientific  investigations  and  observations. 

The  bulletins  are: 

NO.  88.    CVLTIVATBD    SHADE    AND    FOREST    TREES. 

This  bulletin  contains  a  report  of  all  the  experiments 
in  growing  shade  and  fruit  tree  which  have  been  made  by 
the  Station.  It  shows  what  trees  may  be  expected  to  suc- 
ceed in  different  parts  of  the  State  and  contains  a  brief  ac- 
count of  some  troublesome  insect  enemies  of  our  trees. 

NO.   89.    AL.KAL.I    STUDIES   II. 

This  is  a  somewhat  popular  report  of  the  alkali  investi- 
gations in  the  Departments  of  Chemistry  and  Agriculture. 
It  gives  a  condensed  account  of  some  of  the  experiments 
which  are  reported  in  detail  in  the  technical  papers. 

NO.  40.     THE  TREES  OF  IVYOMING  AND  HOIV  TO  KNOIV  THEM. 

This  report  gives  an  account  of  all  the  trees  found  na- 
tive in  the  State,  with  such  simple  descriptions  and  illustra- 
tions as  will  enable  anyone,  whether  he  be  a  botanical  stu- 
dent or  not,  to  recognize  the  different  species.  The  Bulletin 
shows  the  value  of  our  forests  and  the  need  of  conserving 
them.  It  appeals  to  the  people  to  make  the  home  more  at- 
tractive by  planting  trees,  and  is  intended  to  awaken  an  in- 
terest in  the  subject  among  the  teachers  and  schools  of  the 
State. 
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INDBX  BVL.L.BTIN   B. 

This  is  a  general  index  showing  all  Bulletins  which 
have  been  issued  up  to  the  beginning  of  the  present  fiscal 
jear  and  indexing  Balletins  27  to  37  inclusive. 

PLANS  OF  STATION  WORK  FOR  1899-1900. 

The  following  plans  for  the  season  of  1899-1900  have  been 
well  stated.  It  will  be  seen  that  most  of  them  look  to  car- 
rying out  the  new  policy  of  the  Station.  They  were  recom- 
mended by  the  Station  Pouncil  and  approved  by  the  Agri- 
cultural Committee  of  the  Board  of  Trustees. 

THB  AGRlCt'LTt'RIST  AND  HORTICULTURIST. 

1.  Irrigation  investigation. 

a.  Co-opei*ation  with  the  Department  in  measure- 
ments of  water  on  farms. 

b.  Measurements   of  water   used   on   Experiment 
^  Farm. 

c.  Plat  experiments,  diflferent  amounts  of  water  on 
•the  same  crop. 

d.  Notes  on  sub-irrigation. 

e.  Evaporation. 

2.  Alkali  investigations. 

a.  In  the  field — Effect  of  irrigation. 

Effect  of  green  manures.^ 
Economic  plants  on  alkali  soil. 

b.  In  the  laboratory. 

3.  Soil  work. 

a.  Permanent  soil  plat;  same  crop  year  after  year. 

b.  Crops  with  and  without  cultivation. 

c.  Crops  with  and  without  rotation. 

d.  Alfalfa  as  a  fertilizer. 

4.  Cereals. 

a.  Varieties  of  small  grain. 

b.  Plat  work  including  co-operation  with  the  De- 
partment of  Agriculture  with  Russian  varie- 
ties. 
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5.  Forage  Crops — Cultivated  and  native,  including  co- 

operation with  the  Department  of  Agriculture. 

6.  Potatoes — With  fertilizer — second  season. 

7.  Horticulture. 

a.  Hardy  fruits  at  Laramie  and  fruit  notes  at  Lan- 

der and  Sheridan. 

b.  Celery  (varied  treatment). 

c.  Garden — small  amount  of  variety  work. 

d.  Asparagus  on  alkali  and  good  land. 

e.  Pedigreed  potatoes. 

f.  Native  trees  and  shrubs  for  decoration. 

g.  Floriculture  for  decoration. 

8.  Forestry — Co-operative    with    Division    of   Forestry. 

9.  Notes  on  injurious  insects  and  collections. 

10.  Varieties  of  wheat  at  Laramie,  Lander  and  Sheri- 
dan. 
Approved  by  the  Station  Council  April  6,  1899. 

B.  C.  Buffum, 
Agriculturist  and  Horticulturist. 

THB   BOTANIST. 

1.  The  continuation  of  the  field  work  and  accumulation 

of  data  upon  the  subjects  heretofore  under 
taken  but  as  yet  not  completed.  (As  given 
for  1899.) 

2.  A  co-operative  study  of  alkali  in  its  relation  to  plant 

life. 
(1)     The  comparative  structure  of  alkali  resistant 
and  non-resistant  vegetation. 

(a)  External  characteristics. 

(b)  Histology. 

^.  Experiments  with  promising  forage  plants. 

(1)  For  normal  soils. 

(2)  For  alkali  soils. 
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THE  CHEMIST. 

1.  Effect  of  alkali  on  germination  of  seeds.     . 

2.  Analysis  of  soil  and  alkali. 

3.  Analysis  of  alkali-resisting  plants. 

4.  Analysis  of  irrigation  water. 

THB  GBOLOGIST. 

1.  Completion  of  the  preliminary  bulletin   on  the  ar- 

tesian basins  of  the  State. 

2.  The  origin  of  alkali. 

(1)  The  geological  location  of  these  salts  and  their 
relation  to  the  various  terranes. 

(2)  The  way  alkali  finds  its  way  into  the  soils. 

(3)  Preventing  further  accumulation  if  possible. 

8.  Wind  erosion  and  its  relation  to  soil  formation  in 

the  arid  districts. 
4.  To  complete  the  preliminary  work  on  the  birds  of 

Wyoming  and  arrange  notes  for  publication. 

THE  PHYSICIST  AND  MBTE30ROL06I8T. 

1.  Capillary  movements  of  water  in  soils. 

2.  Evaporation  from  soils. 

3.  Continuation  of  the  work   of   making  observations 

and  co-operating  with  the  State  and  United 
States  Weather  Service. 

4.  Observations   on    the    preiupitation    from    as    many 

places  in  the  State  as  possible. 

5.  Observations   upon   the  direction  and  force  of  the 

air  currents  at  Laramie. 

6.  Study  of  terrestrial  radiation  and  sunshine. 
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Report  of  the  Station  Council. 


REPORT  OF  THE  DIRECTOR. 

The  writer  of  this  report,  E.  E.  Smiley,  succeeded  F.  P. 
Graves  as  President  of  the  University  of  Wyoming  and  Di- 
rector of  the  Agricultural  Experiment  Station,  July  1st, 

1898. 

GOVBRNMBNT. 

I  deem  it  best  to  say  somethings  concerning  the  govern- 
ment of  the  Station,  as  this  seems  to  have  been  nowhere  ex- 
plained in  previous  reports.  The  government  of  our  Agri- 
cultural Experiment  Station  is  vested  in  the  Trustees  of  the 
University  and  the  Agricultural-  Executive  Committee  of 
the  Board,  whose  names  appear  on  a  preceding  page.  The 
officers  of  the  Station  are  a  director  and  a  secretary,  who, 
together  with  the  heads  of  the  different  departments  in  bot- 
any, chemistry,  geology,  physics  and  meteorology,  compose 
the  Station  Council;  which  body  passes  on  all  matters  per- 
taining to  Station  work  in  the  way  of  experimentation  and 
research,  and  makes  recommendations  to  the  Agricultural 
Executive  Committee.  All  plans  of  work  by  the  heads  of 
departments  are  first  discussed  and  accepted,  modified  or 
rejected  by  the  Station  Council ;  this  system  insures  the  co- 
operation of  the  staff  of  Station  workers  and  prevents  scat- 
tered work  and  misapplied  effort.  Again,  all  bulletins  pub- 
lished by  the  Station  are  first  read  before  the  Station  Coun- 
cil and  each  membe^  is  free  to  criticise  any  questionable 
point  of  fact,  extravagant  statement  or  the  general  arrange- 
ment of  the  matter;  and  finally  the  bulletin  may  be  either 
adopted  and  recommended  to  the  Agricultural  Executive 
Committee  for  publication,  or  it  may  be  returned  for  re- 
vision, or  be  entirely  rejected.  Such  has  been  the  general 
policy  governing  the  Station  since  its  organization;  and  the 
fact  that  the  workers  have  been  a  unit  force,  and  so  have 
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made  a  combined  atack  on  the  important  agricnltural  prob- 
lems from  all  sides  at  the  same  time,  has  contributed  largely 
to  their  success  heretofore. 

OBJECT. 

The  study  and  research  of  the  Station  are  made  as  prac- 
tical as  possible,  and  have  to  do  with  the  problems  which  in 
our  opinion  are  of  most  importance  to  the  farmers  of  the 
state.  For  example,  the  subject  of  irrigation  and  the  alkali 
problem  have  been  given  much  attention.  At  the  present 
time,  so  far  as  we  can  we  are  co-operating  with  the  Depart- 
ment of  Agriculture  at  Washington  in  the  new  irrigation 
work  being  done  under  the  direction  of  Mr.  Elwood  Mead, 
who  has  been  for  a  number  of  years  the  efficient  State  En- 
gineer  of  Wyoming,  and  is  now  connected  with  the  office  of 
Experiment  Stations.  The  results  of  our  work  are  being 
published  from  time  to  time.  The  carefully  prepared  bulle- 
tins, based  as  they  are  upon  as  thorough  work  as  we  can  do, 
are  offered  to  the  people  with  the  belief  that  they  contain 
nothing  but  reliable  information,  upon  which  the  greatest 
dependence  may  be  placed. 

The  widely  scattered  population  of  the  state  has  made 
it  almost  impossible  for  the  Station  to  come  into  direct  con- 
tact with  our  farmers.  The  farming  communities  are  natu- 
rally located  in  the  places  most  favorable  to  agriculture, 
and  are  sometimes  separated  from  one  another  by  mountain 
ranges  and  long  distances;  and  with  the  funds  at  our  com- 
mand and  the  small  number  of  our  Station  workers  it  has 
80  far  seemed  impracticable  to  do  any  general  farmers'  in- 
stitute work.  However,  when  the  time  comes  that  it  is  pos- 
sible for  us  to  engage  in  this  kind  of  work,  we  shall  be  glad 
to  undertake  it;  because  we  believe  it  will  prove  most  valu- 
able in  bringing  the  farmers  and  our  Station  into  closer 
relation  with  each  other.  The  Station  workers  would  then 
become  better  acquainted  with  the  farmers'  needs,  and  the 

-(4) 
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information  offered  by  the  Station  could  be  better  brought 
before  the  attention  of  the  farmers. 

FARM. 

In  July  the  Station  was  inspected  by  Dr.  A.  C.  True, 
Directot  of  Experiment  Stations,  who  made  some  valuable 
suggestions  in  regard  to  the  enlargement  of  our  Experiment 
Farm  at  Laramie,  in  order  that  irrigation  experiments 
might  be  more  extensively  carried  on.  Accordingly  our 
original  forty  acres  have  been  increased  by  a  donation  of  an 
additional  eighty  acres  of  land,  with  water  right  for  the 
same,  from  the  Wyoming  Central  Land  and  Improvement 
Company.  This  land  is  presented  to  the  Station  to  be  held 
so  long  as  it  used  for  experimental  purposes,  and  fills  a  long 
felt  want  in  supplying  land  for  irrigation  on  an  adequate 
scale  to  furnish  results  of  value  to  the  arid  west.  This  land 
has  been  fenced  and  forty  acres  plowed  and  put  into  crops 
this  year. 

The  Station  buildings  are  a  small  five-room  cottage,  a 
tool  shed,  and  a  shed  used  as  a  barn  at  the  farm ;  and  a  barn 
and  green-house  on  the  University  grounds.  The  farm  is 
well  equipped  with  implements  and  all  needed  machinery. 
The  great  need  of  the  Station  is  a  good-sized  barn  in  which 
to  store  farm  implements  and  grain,  and  to  provide  room  for 
threshing  and  winnowing  of  seeds  indoors.  With  only  the 
amount  which  can  be  used  each  year  for  building  purposes 
from  the  Hatch  fund  (?750)  it  is  not  possible  to  build  more 
than  in  a  very  small  way,  and  it  would  seem  that  the  State 
will  need  to  make  some  provision  in  the  near  future  for 
more  commodious  buildings  for  the  Station.  In  case  work 
is  ever  begun  in  animal  industry,  it  will  be  necessary  to  add 
to  the  buildings  at  considerable  cost.  When  the  vote  of  the 
last  Legislature  shall  have  been  carried  into  effect  and  the 
present  buildings  in  Laramie  now  occupied  as  a  peniteu 
tiary  shall  have  been  abandoned  for  the  new  state  building 
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at  Rawlins,  will  it  not  be  practicing  a  wise  economy  for  the 
next  Legislature  to  turn  over  the  old  grounds  and  bnildings 
li<:e  to  the  State  Agricultural  College  of  the  Universif^  of 
^Vyoming? 

SUB-STATIONS. 

The  Saratoga  and  Wheatland  farms  have  reverted  to 
the  original  donors  and  the  permanent  improvements  on 
these  farms  have  been  soJd  for  what  they  would  bring.  The 
Sundance  farm  is  still  held  by  the  University,  but  it  has  not 
seemed  possible  to  rent  the  place  and  it  is  standing  still 
without  cultivation  or  the  care  it  should  have.  This  farm 
should  be  rented  or  disposed  of  as  soon  as  possible;  for  it  is 
not  going  to  be  creditable  to  the  institution  to  have  a  farm 
in  that  or  any  other  section  of  the  state  growing  up  to  weeds 
and  with  the  buildings  and  fences  fast  becoming  dilapi- 
dated. 

The  Lander  farm  has  been  rented  to  Mrs.  J.  8.  Meyer, 
who  has  paid  a  small  cash  rental  in  advance;  and  who 
agrees  to  seed  down  ten  acres  to  alfalfa,  and  to  care  for  <;he 
fruit,  keeping  notes  on  the  same.  It  is  with  regret  that  we 
record  the  death  of  Mr.  J.  8.  Meyer,  who  has  been  connected 
with  the  Station  since  its  organization  as  Superintendent 
of  the  Lander  farm. 

The  Sheridan  farm  has  been  rented  again  to  Mr.  George 
C  Shelter  for  a  small  cash  rental  with  the  understanding 
that  he  is  to  do  certain  co-operative  experimental  work,  fur- 
nish reports  of  the  fruits  growing  on  the  place,  and  keep  the 
fences  and  buildings  in  repair. 

It  is  hoped  that  at  least  the  farms  at  Lander  and  Sheri- 
dan may  in  time  receive  suflBcient  support  from  the  state  to 
keep  up  valuable  experimental  work  in  those  places.  In  a 
number  of  states,  notably  California,  the  state  legislatures 
provide  funds  for  the  support  of  several  outside  Station 
farms;  and  it  would  seem  that  a  small  amount  appropriated 
for  this  purpose  would  bring  good  returns  to  the  people, 
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and  besides  would  show  our  good  faith  in  receiving  the 
generous  donation  from  the  federal  government  through 
the  Hatch  fund. 

BUL.L.BTIN8. 

During  the  past  year  an  important  change  has  be^n 
made  bythe  Station  in  the  matter  of  its  publications.  It 
has  been  decided  to  make  the  bulletins  that  are  published 
for  distribution  more  popular  in  their  nature,  and  such  as 
will  better  meet  the  demands  of  our  own  farmers  by  giving 
them  practical  information.  Already  this  change  seems  to 
have  met  with  general  approval.  These  more  popular  bul- 
letins as  they  are  published  are  not  now  sent  to  all  the 
names  on. our  mailing  list  throughout  the  United  States, 
but  they  are  widely  distributed  among  the  people  of  the 
state  of  Wyoming.  It  should  be  said,  however,  that  the 
bulletins  will* finally  reach  every  name  on  our  official  list; 
for  the  reason  that  they  will  be  bound  in  with  our  annual 
report,  which  is  usually  sent  the  rounds.  Consequently  the 
purely  technical  papers  will  be  published  hereafter  only  as 
part  of  our  annual  report,  and  will  not  be  for  general' distri- 
bution as  in  the  past. 

A  description  of  our  laboratories  in  the  several  depart- 
ments of  physics,  chemistry,  botany,  horticulture  and  agri- 
culture, has  already  been  given  in  connection  with  our  ac- 
count of  the  Agricultural  College  on  a  preceding  page. 

Our  library  is  fast  growing.  All  bulletins  sent  us  from 
other  stations  are  saved,  and  as  complete  sets  are  obtained 
in  sufficient  number  to  make  a  volume  they  are  bound  in 
cloth. 


REPORT  OF  AGRICTJI«TURI«T  AND  HORTICTJI«TURIST. 

The  bulletins  issued  from  this  department  during  the 
year  were  Ko.  38,  "Cultivated  Shade  and  Forest  Trees''  and 
jointly  with  the  department  of  chemistry  bulletin  No.  39, 
"Alkali  Studies  II."    A  bulletin  has  also  been  prepared  for 
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the  station  giving  the  results  of  a  three  year  test  in  subsoil- 
ing  but  its  publication  has  been  deferred  until  September. 
The  irrigation  records  and  notes  which  have  accumulated 
since  1892  have  been  collated;  the  amount  of  water  used  bv 
the  stations  at  Laramie  and  Wheatland  and  on  the  farm  of 
J.  W.  Sigman  near  Laramie  has  been  computed  from  the 
register  sheets,  and  a  bulletin  on  **Duty  of  Water"  has  been 
prepared  for  the  U.  S.  Department  of  Agriculture. 

The  teaching  in  the  agriculture  college  and  university, 
and  duties  as  Vice  Director  make  it  possible  to  devote  only 
part  of  the  time  to  research  work.  Heretofore  it  has  been 
practically  impossible  to  keep  ahead  of  the  mass  of  notes 
and  recordswhich  accumulate'from  year  to  year.  The  past 
year  the  position  of  students  in  the  courses  has  been  such 
that  the  teaching  has  not  been  as  heavy,  consisting,  as  it 
has,  of  two  hours  in  the  fall  and  winter  terms  and  one  hour 
in  the  spring  term,  so  special  attention  w^as  given  to  work- 
ing up  our  records,  and  putting  the  notes  in  more  perma- 
nent and  available  form.  The  crop  record  for  1898  is  not 
completed  but  as  a  whole  the  notes  have  been  more  nearly 
brought  up  to  date  than  for  a  number  of  years  past.  Mr. 
Fairfield  devoted  the  larger  part  of  his  time  during  the  win- 
ter months,  to  this  work  which  consisted  of  sifting  out  and 
arranging  the  notes  taken  in  day  books,  computing  areas 
and  yieJds,  and  assisting  with  the  computations  of  flow  of 
water,  to  determine  the  amount  used  on  different  crops. 

The  fact  that  the  field  of  labor  nominally  covered  by 
my  department  is  too  broad  has  long  been  recognized.  The 
attainment  of  a  man  who  claims  to  be  a  specialist  in  several 
branches,  naturally  falls  under  suspicion  among  scientists 
and  to  relieve  the  odium  of  such  a  position  it  would  seem 
well  to  state  briefly  the  conditions  under  which  we  labor, 
which  enable  me  to  look  after  several  departments  and  do 
practically  nothing  in  more  than  one  or  two  lines  of  inves- 
tigation.     Agriculture  in  Wyoming  is  still  very  new  com- 
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pared  with  that  of  older  states.  The  population  is  scatter- 
ed and  the  range  stock  industries  are  still  paramount  to  all 
others.  There  are  comparatively  few  calls  on  the  time  of 
the  station  workers  from  other  parts  of  the  state  and  each 
head  of  a  department  may  follow  his  investigations  with 
comparatively  little  interference  from  extraneous  sources. 
As  yet  the  station  workers  have  not  been  called  upon  to  do 
any  farmers  institute  work.  During  the  history  of  the  sta- 
tion but  one  paper  has  been  prepared  for  a  farmer's  insti- 
tute and  the  writer  of  the  paper  did  not  present  it  at  the 
meeting.  True  there  is  considerable  correspondence  with 
farmers  on  the  subjects  of  importance  to  them  but  up  to  the 
present  time  few  inquiries  have  been  received  which  called 
for  extended  investigation  or  experimentation  before  they 
could  be  answered. 

As  agriculturist  and  horticulturist  I  have  charge  of  all 
the  work  which  falls  to  those  departments.  A  claim  that 
I  am  a  specialist  in  all  the  divisions  of  agriculture  and  hor- 
ticulture would  indicate  a  pitiable  state  of  ignorance,  to 
those  who  realize  what  such  a  statement  would  mean. 
However  I  am  able  to  keep  these  departments  alive  by  only 
giving  attention  to  those  things  which  promise  to  be  of 
greatest  immediate  value  to  our  farmers.  But  little  hor- 
ticulture exists  in  our  state.  There  are  probably  not  to  ex- 
ceed one  hundred  acres  planted  to  fruit  of  all  kinds  and 
nothing  is  done  of  commercial  importance  in  fruit  growing. 
On  account  of  the  very  newness  of  things  there  are  no  ser- 
ious insect  enemies,  and  as  yet  what  insects  of  economic  im- 
portance have  appeared  are  well  understood  and  easy  to 
combat.  On  account  of  this  same  newness,  and  the  natural 
fertility  of  arid  lands  the  application  of  fertilizers  has  not 
required  attention  and  even  crop  rotation  is  only  beginning 
to  receive  attention.  In  agriculture  we  have  given  almost 
no  attention  to  any  phase  of  live  stock  or  dairy. work.  The 
salts  in  the  soil,,  irrigation  and  cropping  are  the  subjects 


Ninth  Annual  Report,  1899.  55 

which  have  received  special  attention  and  while  the  work- 
ing force  has  been  small  we  believe  something  is  being  ac- 
complished of  immediate  value  to  our  farmers.  The  teach- 
ing in  the  agricultural  college  and  university  requires  con- 
siderable time  and  interferes  with  the  original  research  work 
more  than  any  other  required  duty. 

The  plans  of  work  for  last  season  as  given  in  the  eighth 
annual  report  were  fully  carried  out,  something  being  done 
on  each  line  indicated.  Last  season  was  the  third  year  of 
the  sub-soil  experiment,  a  report  of  which  will  be  mcide  in 
the  next  station  bulletin.  The  permanent  soil  work,  as  es- 
tablished for  several  years,  consists  of  two  plats,  one  of 
which  is  planted  to  grain  each  year  and  the  other  planted  in 
dififerent  crops,  following  a  four  years  rotation.  The  grain 
plat  is  beginning  to  show  the  effects  of  planting  to  the  same 
crop  year  after  year.  Either  the  land  or  the  seed  is  running 
out  and  to  determine  which  is  the  case  a  change  of  seed  will 
be  tried. 

Our  study  of  varieties  of  small  grains  has  probably 
been  carried  out  as  far  as  will  be  profitable.  As  many  varie- 
ties of  wheat,  oats  and  barley  as  could  be  obtained  have 
been  grown  in  small  amounts  for  several  years.  The  work 
has  been  expensive  as  each  individual  variety  requires  its 
own  special  care  and  complete  record  and  all  have  to  be 
rogued'and  selected  to  keep  the  seed  pure.  We  believe  we 
can  select  those  varieties  of  greatest  promise  for  this  state 
and  grow  in  larger  fields  for  a  few  years  to  obtain  sufficient 
amount  of  seed  to  give  our  farmers  a  start  in  them.  The 
work  promises  to  be  of  considerable  value.  Our  high  al- 
titude and  unusual  conditions  of  soil  and  season  make  the 
variety  to  be  grown,  and  its  adaptability,  of  considerable 
importance.  Earliness  is  a  prime  necessity  in  both  oats  and 
wheat  and  a  shortening  of  the  necessary  season  for  grain 
to  mature,  of  a  week  or  ten  days,  insures  plump,  heavy 
grain  Instead  of  a  frosted,  shrunken,  inferior  product. 
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Perhaps  the  most  important  of  all  our  work  in  cropping 
is  that  with  forage  plants.  The  amount  of  land  which  can 
be  irrigated  is  small  compared  with  the  land  which  mnst 
always  serve  as  pasturage  in  this  state.  Such  conditions 
must  ultimately  fix  a  system  of  mixed  farming  in  which 
stoekraising  will  be  the  main  object  and  the  growing  of  hay 
and  other  stock  food  on  the  irrigated  land  undoubtedly  will 
always  be  the  principal  part  of  our  plant  production.  What 
then  can  the  station  do  which  will  be  of  greater  value  to  the 
state  than  to  demonstrate  how  two  blades  of  grass  can  be 
made  to  grow  where  only  one  grew  before?  So  far  as  we 
have  determined  the  forage  which  will  resist  drouth  better 
than  any  other  is  the  Sanfoin  or  Esparsette.  The  ones 
which  resist  alkali  best  are  the  White  Sweet  clover  and 
English  rape  and  the  best  all-round  hay  crop  even  at  the 
altitude  of  the  experiment  station  (7,200  feet)  is  alfalfa.  Al- 
falfa produces  from  two  to  four  times  as  much  as  any  irri- 
gated native  grass.  It  solves  the  foxtail  or  any  other  weed 
problem  and  keeps  up  the  land  so  large  crops  of  grain  or 
potatoes  can  be  raised  without  other  fertilizing.  The  nei^ 
Turkestan  alfalfa  introduced  by  the  Ignited  States  Depart- 
ment of  Agriculture  seems  to  stand  the  winters  and  drouth 
better  than  the  variety  generally  grown.  During  the  past 
winter  none  of  the  Turkestan  alfalfa  died  while  all  the  other 
fields  suffered  more  or  less.  At  Laramie  our  average  yield 
of  alfalfa  per  acre,  for  three  years  past,  has  been  over  three 
and  one-half  tons  and  plats  in  which  the  stand  has  been 
best  yield  over  four  tons  of  cured  hay.  On  account  of  the 
short  season  we  can  only  cut  alfalfa  twice,  and  the  second 
cutting  is  usually  but  a  partial  crop. 

The  flat  pea  (Lathyrus  sylvestris)  grows  well  and  sterns 
perfectly  hardy,  but  there  are  two  or  three  serious  objec- 
tions to  it.  First,  it  takes  three  or  four  years  to  get  it  to 
produce  a  heavy  crop;  second,  the  roots  at-e  so  tough  and 
deep  seated  that  it  is  almost  impossible  to  get  it  out  of  the 
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land,  and  third,  we  have  been  unable  to  make  stock  eat  the 
hay.  This  last  objection  to  the  flat  pea  is  also  the  serious 
one  with  White  Sweet  clover,  though  it  is  claimed  by  people 
in  Vtah  and  in  Mississippi  that  stock  can  be  educated  to  eat 
Sweet  clover  hay.  We  have  thought  the  hairy  vetch  a  prom- 
ising hay  crop  but  nearly  all  of  it  was  killed  by  the  past  se- 
vere winter. 

The  alkali  and  irrigation  investigations  have  been 
spoken  of  elsewhere.  Co-operative  tests  with  sugar  beets 
were  discontinued  this  season  as  we  believe  the  station  has 
done  all  the  work  with  sugar  beets  which  circumstances 
warrant  at  present.  Our  experiments  with  fruits  at  Lara- 
mie prove  that  strawberries,  currants  and  dewberries  can  be 
grown  for  home  use.  Other  fruits  have  not  succeeded.  The 
fertilizer  experiment  carried  out  last  season,  using  potash 
salts  and  barnyard  manure  for  potatoes,  did  not  give  results 
which  we  believed  were  entirely  trustworthy  and  the  same 
plats  were  planted  to  potatoes  again  this  season.  It  seems 
that  the  land  is  already  so  rich  in  sulphates  and  chlorides  of 
sodium  and  magnesium  that  adding  sulphate  or  chloride  of 
potassium  diminished  instead  of  increased  the  crop.  Even 
small  applications  of  barnyard  manure  greatly  increases  the 
crop  but  sodium  nitrate  apparently  does  not  produce  a  like 
effect.  This  indicates  that  the  land  needs  humus  rather 
than  greater  supply  of  nitrogen  in  any  other  form. 

Last  year  we  planted  about  three  acres  of  land  with 
small  trees  of  Scotch,  Austrian  and  Bull  pines  furnished  by 
the  Division  of  Forestry  of  the  Department  of  Agriculture. 

A  very  small  percent  of  the  trees  lived  through  the  winter 
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and  the  larger  part  of  the  land  was  put  into  other  crops  this 
year.  It  is  unlikely  that  the  growing  of  trees  for  any  other 
purpose  than  shade  and  ornamentation  will  ever  pay  here, 
and  we  do  not  expect  to  carry  out  any  further  experiments 
with  them  unless  it  be  in  a  very  small  way. 
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The  equipment  of  the  Station  has  been  materially  in- 
creased and  improved  during  the  year.  The  increase  in  the 
size  of  the  experiment  farm  enables  us  to  carry  on  some 
irrigation  experiments  on  a  practical  scale.  Eleven  acres 
of  the  new  land  have  been  used  for  an  investigation  of  the 
amount  of  water  needed  to  produce  a  maximum  crop.  This 
investigation  will  probably  be  continued  through  a  number 
of  years.  The  old  farm  is  all  used  for  small  plat  work  and 
alkali  studies  so  it  was  impossible  to  branch  out  as  we 
wished  in  the  irrigation  work.  The  new  land,  however,  is 
ample  for  all  our  needs.  We  will  not  bring  all  of  it  under 
cultivation  for  some  time.  To  the  equipment  have  been 
added  a  Fairbanks  and  More  gasoline  engine  of  four-horse 
power,  which  is  used  for  threshing  and  grinding  grain. 
Farmer's  No.  3  grain  and  bone  mill,  a  Deering  Ideal  mowing 
machine,  a  new  steel  plow,  and  a  twelve-foot  windmill.  A 
pumping  packer  was  put  into  the  well  on  the  farm  but  as 
yet  good  water  has  hot  been  obtained.  Among  the  perma- 
nent improvements  made  may  be  mentioned  finishing  the 
uj^per  floor  in  the  cottage  on  the  farm  and  adding  a  porch  to 
the  front.  A  small  potting  and  store  house  was  built  at  the 
east  end  of  the  greenhouse.  A  new  germinating  chamber 
was  purchased  for  further  study  of  the  effect  of  alkali  salts 
on  seed  germination.  The  greenhouse  furnishes  very  good 
laboratory  facilities  for  the  department.  Some  new  irriga- 
tion instruments  have  been  purchased,  including  a  current 
meter,  two  water  registers,  and  a  Brown  hydrostatic  level. 

More  room  is  needed  on  the  farm  in  which  to  shelter  im- 
plements. The  only  way  the  machinery  can  be  put  under 
fover  now  is  to  take  it  to  pieces  so  it  may  be  stored  in  a 
small  space.  This  prevents  keeping  it  under  cover  while  in 
use  now  and  even  during  the  summer,  without  a  great  deal 
of  extra  time  and  trouble.  An  adequate  building  should  be 
provided  as  soon  as  possible  in  w^hich  to  store  tools  and 
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grain  and  to  furnish  room  for  cleaning  grain  and  seeds  dur- 
ing the  winter. 

We  have  been  fortunate  in  securing  this  year  Mr.  E. 
Sigman  as  farm  foreman.  It  has  been  difficult  to  obtain 
good  intelligent  help  for  the  farm  labor,  and  Mr.  Sigman 
has  shown  himself  both  capable  and  energetic.  Mr.  Fair- 
field has  been  efficient  and  faithful,  taking  a  great  interest 
in  all  the  work.  The  success  of  the  work  depends  in  no  small 
measure  on  such  assistance.  The  man  who  is  merely  work- 
ing for  his  daily  wages  is  not  apt  to  take  that  interest  in  his 
work  which  makes  him  efficient  and  indispensable  to  the  em- 
ployer who  would  have  the  best  service.  These  men  not 
only  love  the  work  but  feel  their  responsibility  and  have 
reputations  to  make  which  mean  success  in  life.  Instead  of 
working  eight  or  ten  hours  a  day  their  hours  of  labor  are  all 
the  hours  out  of  twenty-four  that  they  are  able  to  work. 
There  is  little  danger  of  getting  overpaid  for  such  services, 
and  it  is  hoped  they  may  be  kept  in  their  present  positions. 

We  have  obtained  much  help  during  the  year  through 
student  labor.  A  student  has  acted  as  stenographer  and 
typewriter  in  the  office,  the  insect  collection  has  been  over- 
hauled and  duplicates  in  recent  collections  brought  together, 
and  the  larger  part  of  the  year  the  green  house  has  been 
cared  for  by  student  help. 

Last  July  I  attended  a  conference  of  irrigation  experts, 
in  Denver,  on  invitation  of  the  officials  in  the  Department 
of  Agriculture,  to  discuss  the  work  in  irrigation  to  be  under- 
taken by  the  department.  In  September  I  attended  the  Na- 
tional Irrigation  Congress  in  Cheyenne  and  in  November  1 
represented  the  experiment  station  at  the  meeting  of  the 
American  Association  of  Agriculturual  Colleges  and  Ex- 
periment Stations  held  in  Washington. 
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REPORT  OF  THE  BOTANIST. 

Of  the  several  lines  of  work  projected  for  the  year  now 
closing  only  a  few  have  received  any  considerable  attention. 
There  is  so  much  to  be  done  in  each  that  only  one  or  two  can 
be  successfully  pursued  at  any  one  time.  Data  are  being 
accumulated  on  various  subjects  but  to  bring  them  to  a 
point  warranting  publication  means  much  special  attention. 

One  bulletin,  "The  Trees  of  Wyoming  and  How  to  Know 
Them,"  has  been  issued  this  year  as  No.  40  of  this  Station.  It 
is  a  part  of  this  report. 

The  botanical  survey  of  the  state  is  progressing  as  rap- 
idly as  other  work  will  permit.  During  the  summer  of  1898 
the  botanist  spent  several  weeks  in  study  at  the  Missouri  Bo- 
tanical Garden,  St.  Lojiis,  but  during  his  absence  field  work 
was  prosecuted  by  Mr.  Elias  Nelson.  As  a  result  of  the  ef- 
forts in  this  direction  during  the  past  few  years  the  re- 
sources of  the  state  are  becoming  fairly  well  known.  Es- 
pecial attention  has  been  given  to  the  indigenous  forage 
plants  and  much  information,  which  it  is  hoped  may  be  of 
service,  has  been  secured  concerning  the  distribution  and 
abundance  of  these. 

Since  the  last  report,  the  writer's  investigation  of  the 
"Flora  of  the  Red  Desert  and  Its  Forage  Resources"  has 
been  published  by  the  United  States  Department  of  Agri- 
culture, being  issued  as  Bulletin  No.  13  from  the  Division  of 
Agrostology. 

The  abundance,  distribution  and  economic  significance 
of  the  fungi  affecting  native  and  crop  plants  is  still  a  subject 
of  inquiry.  While  not  of  so  much  significance  here  as  in 
some  other  states  vet  it  is  of  interest  now  and  will  become 
more  so  as  agricultural  interests  are  developed. 

Besides  the  plants  of  direct  economic  significance  the 
survey  of  the  state  is  bringing  to  light  many  of  much  general 
interest,  among  them  many  new  species.  As  rapidly  as 
possible  these  are  being  described  and  published,  there  hav- 
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ing  been  issued  since  July  1,  1898,  the  following  papers: 
III,  IV,  V,  VI  and  VII  in  the  series.^New  Plants  from  Wyo- 
ming." This  series  is  appearing  in  the  Bulletin  of  the  Tor- 
rey  Botanical  Club,  the  foregoing  papers  having  been  issued 
in  tie  July  and  October  numbers  of  1898  and  the  January, 
March  and  May  numbers  of  1899  respectively.  Other  papers 
have  been  prepared  and  «re  in  the  way  of  publication  but 
may  not  find  space  for  some  months  to  come. 

Certain  genera  are  so  abundantly  represented  in  this 
range  as  to  make  them  to  a  degree  the  characteristic  plants 
of  our  flora.  Some  of  these  have  received  much  study  and, 
on  account  of  the  new  species  each  includes,  have  proven  of 
80  much  interest  as  to  warrant  the  preparation  of  special 
papers  upon  each.  Just  issued  in  the  June  number  of  Ery- 
thea  is  "The  Western  Species  of  Aragallus."  The  following 
are  in  course  of  publication :  "Some  Rocky  Mountain  Ohrys- 
othamni;"  "New  Species  in  Oreocarya  and  Its  Allies;" 
"Some  Species  of  Tetraneuris  and  Its  Allies." 

Reference  may  here  also  be  made,  as  bearing  upon  the 
botanical  survey  work,  to  the  "Revision  of  the  Western 
Xorth  American  Phloxes,"  by  Mr.  Elians  Nelson.  It  is  pub- 
lished as  a  part  of  the  Ninth  Annual  Report  of  the  Agricul- 
tural College,  which  is  bound  herewith  and  to  which  atten- 
tion is  called. 

Among  the  subjects  of  investigation  the  present  season 
are  the  forage  plants  of  northwestern  Wyoming,  including 
Yellowstone  Park  and  the  adjacent  Forest  Reserves. 


REPORT  OF  THE  CHEMIST. 

The  work  of  the  chemist  during  the  year  has  been  prin- 
cipally confined  to  the  study  of  the  effect  of  alkali  on  the 
imbibition  of  water  by  seeds  and  their  germination,  the  re- 
sults of  which  are  published  in  Studies  III  and  IV  in  this 
report.    In  addition  to  this  a  number  of  soil  samples  taken 
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from  different  depths  of  the  Laramie  Farm  have  been  an- 
alyzed to  get  a  better  idea  of  the  movements  of  the  alkalj 
under  irrigation. 

REPORT  OF  THE  GEOLOGIST. 

During  the  year  there  were  collected  considerable  data 
pertaining  to  the  various  lines  of  investigation.  The  fol- 
lowing work  is  under  way: 

The  Artesian  Basins  in  Wyoming. 

Wind  Erosion  and  its  Relation  to  Soil  Making  in  the 
Arid  Region. 

The  Origin  of  Alkali. 

The  Birds  of  Wyoming. 

The  bulletin  on  the  Artesian  Basin  in  Wyoming  is  still 
in  course  of  preparation.  It  has  been  utterly  impossible, 
owing  to  the  rush  of  work,  to  make  the  geological  maps  and 
section  and  to  work  up  my  notes  for  the  bulletin.  It  will  be, 
when  printed,  quite  an  extensive  discussion  of  the  subject.  I 
have  also  taken  valuable  notes  in  wind  erosion  at  all  points 
visited  in  the  state. 

Since  the  state  has  concluded  to  take  up  the  subject 
of  alkali  and  to  work  out  all  the  problems  in  connection 
with  it  in  Wyoming,  I  have  been  assigned  the  subject  of  the 
Origin  of  Alkali.  I  realize  that  it  is  a  great  problem  to  un- 
dertake to  solve,  but  there  is  not  a  better  field  to  work  in 
than  Wyoming  to  accomplish  this  end.  During  the  coming 
season  I  expect  to  add  some  valuable  data  pertaining  to  this 
subject. 

REPORT  OF  THE  METEOROLOGIST  AND  PHT8I0I8T. 

Observations  in  the  Meteorological  Department  have 
been  taken  of  the  relative  humidity,  maximum  and  mini- 
mum temperatures,  pressure  of  the  air,  rainfall,  snowfall, 
velocity  and  direction  of  the  wind,  evaporation,  percentage 
of  sunshine,  and  temperature  of  the  soil  at  various  depths. 
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On  account  of  the  interference  of  the  University  build- 
ing with  the  air  current,  especially  when  the  wind  was 
blowing  from  the  west,  the  steel  tower  on  which  are  the 
anemometer  and  wind  vane  was  moved  to  a  distance  of  800 
feet  away  from  the  buildings. 

All  observations,  except  amount  of  rainfall  and  snow- 
fall, are  taken  each  day  at  7  a.  m.  and  7  p.  m. 

In  the  physical  department  the  following  are  some  of 
the  problems  which  are  being  investigated  as  rapidly  as  oir- 
enmstances  will  permit: 

Capillary  movements  of  water  in  soils. 

Evaporation  of  moisture  from  the  surface  of  soils. 

Puddling  of  soils. 
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ALKALI  STUDIES,  III 
Germinating  Experiments  With  Alkali  Salts. 


BY   B.  C.  BUFFUM. 


That  concentrated  solutions  of  the  salts  commonly 
found  in  soils  do  retard  germination  was  demonstrated 
and  published  in  Bulletin  No.  29  of  this  station.  Since  that 
time  the  subject  has  been  given  considerable  attention  in 
our  station  and  by  others  engaged  in  scientific  research.  The 
experiments  here  reported  were  carried  out  by  Mr.  W.  H. 
i  Fairfield,  assistant  in  this  department.  A  resume  of  a  part 
of  the  work  was  given  in  Bulletin  No.  39,  which  is  bound 
with  this  report.  The  importance  of  the  subject  and  the  cer- 
taintv  that  future  references  will  be  made  to  this  work,  will 
roake  valuable  a  detailed  account  of  the  experiment  and  the 
results  obtained. 

Alkali,  as  commonly  known,  consists  of  the  several  sol- 
uble salts  of  the  soil,  which  accumulate  in  suflScient  amount 
to  become  noticeable  in  white  incrustations  on  the  surface, 
or  in  their  effect  on  water,  soil,  and  vegetation.  Our  first 
germinating  tests  were  made  with  the  associated  salts  as 
they  occurred  in  the  soil  of  the  experiment  farm.  The 
amount  of  any  one  of  the  sftilts  making  up  this  compound 
varies  widely  in  different  places  and  undoubtedly  at  differ- 
ent times  in  the  same  place.  Generally  the  salt  n»aking  up 
the  larger  portion  of  the  alkali  is  sodium  sulphate  or  mag- 
nesium sulphate,  but  in  places  it  is  sodium  chloride  or  as 
sometimes  occurs  in  this  state,  it  may  be  sodium  carbonate. 
In  order  tten  to  arrive  at  definite  conclusions  in  regard  to 
the  effect  of  alkali  it  seems  important  to  study  the  relative 
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effect  of  each  salt.  This  experiment  shows  that  each  salt 
diflFers  widely  from  the  others  in  its  effect  on  seed  germina- 
tion and  plant  growth,  and  has  led  to  further  study  of  the 
reason  for  such  effects.  The  studv  was  continued  by  Pro- 
fessor  Slosson,  who  made  a  preliminary  report  in  Bulletin 
No.  39,  and  reference  is  here  made  to  his  pa[>er,  "Alkali 
Studies  IV,"  also  published  sl^  part  of  the  Ninth  Annual 
Report.  The  following  experiments  are  reported  as  they 
were  written  out  by  Mr.  Faiiileld,  with  slight  modifications 
and  changes  in  arrangement: 

EFFECT  OF  DIFFERENT   SALTS   ON   THE  GERMINATION 

OF  SEEDS. 

To  determine  the  effect  of  each  salt  which  makes  up  the 
alkali  of  the  arid  region,  seeds  were  germinated  in  solutions 
of  varying  strengths  of  sodium  chloride,  sodium  sulphate, 
sodium  carbonate  and  magnesium  sulphate.  The  two  chief 
points  that  the  test  was  intended  to  determine,8tated  briefly, 
are:  First,  the  relative  effects  of  different  percents  of  the 
same  salt  on  the  germination  of  wheat,  rye,  and  White 
Sweet  clover  (Melilotus  alba);  second,  the  relative  effect  of 
the  same  percent  of  the  different  salts  on  the  germination  of 
these. seeds.  It  was  thought  that  the  osmotic  pressure  of 
the  salt  solution  might  influence  the  imbibition  of  water  and 
account  for  the  retardation  of  germination.  We  had  pre- 
viously found  that  concentrated  salt  solutions  prevented  the 
raiud  imbibition  of  water.*  An  article  in  the  Botanical  Ga- 
zette for  December,  1897,  on  "The  Relation  of  Nutrient  Salts 
to  Turgor,"  by  Oopeland,  suggested  to  the  chemist  that 
osmotic  pressure  might  account  for  such  effect  rather  than 
any  physiological  action  of  salts  on  the  plant  tissues.  To 
throw  light  on  this  point  a  series  of  sugar  solutiomi  were 
ali»o  used,  as  the  osmotic  pressure  of  sugar  is  eomparativdy 
low. 


*8ee  BuUettn  No.  SB,  P.  SSS. 
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SolutioDS  containing  0.1,  0.4,  0.7,  1.0,  2.0,  3.0,  4.0,  5.0,  7.0 
and  9.0  pereents  of  each  of  the  salts  named  and  also  of  sugar 
were  used  to  germinate  the  seeds.  Fifty  seeds  of  Chili 
wheat,  Spring  rye,  and  White  Sweet  clover,  which  had  been 
carefully  hand-picked  and  counted,  were  tested  in  each  of 
the  solutions  containing  the  above  percents  of  the  salts  and 
sugar,  and  a  check  was  carried  out  in  pure  water. 

OUIXIKE   ar    EXPERIMENT. 

Stock  solutions  of  the  salts  to  be  used  as  well  as  of 
sugar  were  made  so  that,  when  everything  was  ready,  as 
little  time  as  possible  might  be  used  in  converting  the  solu- 
tions into  the  various  strengths  desired.  Certain  quantities 
of  the  salts  of  sodium  sulphate,  sodium  carbonate,  and  mag- 
nesium sulphate  were  dried  by  heating  to  a  red  heat  and 
holding  them  at  this  temperature  for  a  short  time.  The  so- 
dium chloride  was  dried  at  a  little  lower  temperature.  The 
stock  solutions  were  made  up  as  soon  after  the  salts  were 
dried  as  possible.  Granulated  sugar  was  used  for  the  sugar 
solutions. 

Some  little  time  was  spent  in  determining  the  best 
germinating  device.  The  great  difficulty  to  be  overcome  in 
carrying  out  the  test  was  the  questiou  of  evaporation.  This 
would  not  only  change,  quite  rapidly,  the  strength  of  the  so- 
lutions, but  as  the  seeds  must  of  necessity  be  at  or  near  the 
surface,  they  would  be  surrounded  continually  with  stronger 

solutions.    The  first  method  adopted  was  to  lay  the  seeds  be- 

* 

tween  two  pieces  of  rather  fine  cheese-cloth  and  float  them 
on  cork  in  plates  so  that  the  upper  surface  of  the  cork  carry- 
ing the  cloth  would  be  about  even  with  the  surface  of  the 
water.  It  might  be  well  to  state  here  that  this  first  entire 
germination  test,  carried  on  in  the  greenhouse,  was  con- 
tinued for  fourteen  days,  careful  observations  being  taken 
each  day  on  the  number  of  seeds  germinated,  and  every  pre- 
caution taken  to  keep  the  conditions  uniform.    After  carry- 
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ing  the  experiment  this  far  it  was  evident  from  the  small 
number  that  had  germinated  that  the  seeds  were  in  unfavor- 
able conditions.  After  the  first  few  days  of  the  experiment 
the  coi'ks  became  saturated,  lost  buovancv  and  sank  lower, 
causing  the  seeds  to  be  surrounded  with  the  solution.  The 
fact  that  the  seeds  were  under  such  unfavorable  conditions 
for  germination  made  the  results  obtained,  though  compar- 
able to  a  certain  extent,  rather  unreliable.  The  test  was 
therefore  abandoned  and  was  not  begun  again  until  some 
check  tests  were  made  to  determine  a  method  of  procedure 
which  would  furnish  conditions  least  adverse  to  the  ready 
germination  of  the  seeds,  but  which  would  still  reduce  the 
effect  of  evaporation  to  the  least  practical  point.  The  fol- 
lowing table  gives  the  results  obtained  from  a  germination 
test  in  water  under  the  different  conditions  named: 
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In  the  table  it  will  be  noted  that,  with  one.  exception, 
the  seeds  between  cloths  placed  on  the  inverted  flower-pot 
saucers  germinated  much  more  rapidly  and  completely  than 
those  placed  between  cloths  floated  on  cork.  The  marked 
difference  in  the  number  germinated  in  the  dark  and  in  the 
light  in  the  case  of  both  kinds  of  seed  is  of  interest. 

Ko    in    beginning    the    experin^ent    again    two    large 


Alkali  Studies,  III. 


boxes  were  arranged  with  shelves  to  hold  the  plates.  All 
cracks  in  the  boxes  were  stopped  up  to  shut  out  the  light  as 
much  as  possible.  These  boxes  were  placed  on  the  center 
bench  of  a  double-span  greenhouse,  on  sand  which  was  kept 
somewhat  moist  throughout  the  experiment.  Granite  iron 
and  tin  pieplates  were  used  to  hold  the  solutions,  the  tin 
plates  having  previously  received  two  coats  of  asphalt  var- 
nish on  the  inside  to  prevent  rusting.  The  cloths  which  had 
been  used  in  the  previous  tests  were  thoroughly  washed  in 
hot  water,  rinsed,  and  then  boiled  for  ten  minutes.  The 
plates  were  also  thoroughly  washed.  Saucers  for  flve-inch 
flower-pots  were  washed,  turned  upside  down,  and  the  cloth 
placed  on  them.  Solutions  of  the  required  strengths  were 
made  up  from  the  stock  solutions  on  hand  with  the  excep- 
tion of  sugar,  which  was  made  fresh,  the  stock  solution  hav- 
ing collected  some  impurities.  The  weight  of  each,  to- 
gether with  the  inverted  saucer,  etc.,  was  taken  as  the  solu- 
tions were  added  and  marked  permanently  on  the  outside  of 
the  plates.  The  plates  couJd  be  readily  weighed  at  any  time 
desired  and  enough  water  added  to  bring  back  to  the  initial 
weight,  thus  compensating  for  any  loss  by  evaporation  and 
also  keeping  the  solution  at  practically  the  same  strength. 
Seeds  of  ChUi  wheat  and  Spring  rye  had  been  carefully 
hand-selected,  only  perfect,  plump,  and  as  nearly  uniform 
kernels  as  possible  bein^g  taken.  These  had  also  been 
counted  and  fifty  seeds  of  each  been  placed  in  separate  bot- 
tles so  that  all  the  seeds  were  placed  between  cloths  at 
about  the  same  time.  Fifty  seeds  were  used  in  each  test. 
In  the  first  experiment  seeds  of  White  Sweet  clover  were 
tested  on  account  of  the  apparent  ability  of  this  plant  to 
flourish  in  alkali  soils.  But  though  great  pains  were  taken 
to  get  mature  seed  of  last  season's  growth,  not  more  than 
two  or  three  percent  germinated  under  the  most  favorable 
circumstances,  so  in  the  second  experiment  these  seeds  were 
left  out  and  only  wheat  and  rye  were  used.    On  February 
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26,  between  1 :30  and  4 :30  p.  m.,  the  seeds  were  placed  on  the 
cloths  which  were  laid  over  the  inverted  saucers.  One  end 
of  the  cloth  was  allowed  to  project  farther  than  the  other 
and  this  was  now  folded  back  over  the  seeds.  This,  there- 
fore, left  the  seeds  with  one  thickness  of  cheese-cloth  be- 
tween them  and  the  saucer  and  one  thickness  over  them. 
The  edges  of  the  cloth  dipped  into  the  solutions.  The  tops 
of  the  saucers  were  about  a  quarter  of  an  inch  above  the  sur- 
face of  the  solutions.  The  plates  were  weighed  occasionally 
during  the  test  and  enough  water  was  added  at  these  times 
to  bring  them  back  to  their  original  weight,  but  the  evapora- 
tion was  not  great.  Once  or  twice  a  day  the  cloths  which 
contained  seeds  were  dipped  into  the  solutions.  On  March 
16  the  experiment  was  stopped  and  the  final  observations 
were  taken.  This  carried  the  experinjent  through  eighteen 
days. 

The  number  germinated  was  carefully  observed.  The 
seeds  were  removed  as  fast  as  they  germinated.  Complete 
notes  were  kept  on  everything  which  might  influence  the  re- 
sults in  any  way,  such  as  the  time  of  the  day  each  plate  was 
examined,  and  variation  in  the  condition  or  appearance  of 
the  seeds  on  any  particular  plate,  etc.  In  the  following 
tables,  the  number  germinated  each  day,  beginning  the  first 
day  after  the  seeds  were  planted,  is  given.  The  results  have 
been  tabulated  in  this  way  so  that  they  may  be  more  easily 
compared.  Whenever  blank  spaces  occur  in  the  tables  they 
indicate  that  no  seeds  were  germinated  that  day.  To  de- 
termine the  variation  in  the  germination  of  different  sets  of 
fifty  seeds,  due  to  their  vitality,  etc.,  two  plates  were  used 
with  simply  water.  An  average  of  the  results  also  gives  a 
more  reliable  check  for  comparison.  The  results  of  the  two 
tests  run  in  water  as  well  as  the  arbitrary  average  taken  are 
given  in  the  first  two  tables.  The  reason  for  taking  an  ar- 
bitrary average  rather  than  an  absolute  one,  is  that  it  may 
be  expressed  in  whole  numbers. 
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Table  giving  the  results  from  two  tests  in  water,  show- 
ing the  unavoidable  variations  in  the  number  germinated 
due  to  the  diflPerence  in  the  vitality  of  the  seeds,  etc.,  and 
giving  the  arbitrary  average  used  in  the  following  tables: 
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^These  two  seeds  were  barely  germinated  when  the  observations  were  taken  for  the  first  day. 

The  following  charts  and  tables  give  the  relative  effects 
of  the  same  percents  of  the  different  salts  used  in  the  germ- 
ination of  wheat  and  rye.  Charts  of  the  rye  have  not  been 
made  because  the  seed  germinafted  so  rapidly.  In  the  water 
all  the  seeds  that  had  sufficient  vitality  to  germinate  at  all 
began  growing  in  three  days.  The  fact  that  wheat  germin- 
ated so  much  more  slowly  in  all  the  solutions  gives  an  op- 
portunity for  the  study  of  the  relative  effects  of  the  different 
solutions  in  graphic  form  in  the  charts.  The  variations  are 
somewhat  irregular,  but  this  may  be  due  to  different  causes, 
the  principal  one  probably  being  the  difference  in  the  vitali- 
ty of  the  fifty  seeds  in  each  test.  In  the  charts  the  abscissas 
represent  the  number  of  .days  from  the  beginning  of  the  test 
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and  the  ordinates  the  number  of  seeds  germinated.  The 
line  representing  water  is  the  same  through  all  the  charts, 
being  the  check. 

In  the  chart  represting  the  0.1  percent  solutions  the  so- 
dium carbonate  curve  makes  a  marked  variation  from  the 
water  curve,  there  being  twenty-four  seeds  germinated  the 
second  day,  against  sixteen  in  water,  and  on  the  following 
days  the  difference  in  the  number  germinated  remains  as 
marked. 

In  the  0.4  percent  chart  it  will  be  noted  that,  from  the 
fourth  day  on,  all  the  salt  curves  precede  the  water  curves. 
The  fact  that  the  seeds  in  all  salt  solutions  at  this  percent 
germinated  quicker  than  in  water,  regardless  of  the  daily 
variations,  shows  a  stimulating  effect  which  is  of  interest. 

That  a  small  amount  of  alkali  does  aid  in  the  germina- 
tion of  seeds  is  substantiated  by  some  of  the  results  given  in 
the  report  of  the  germination  experiment  in  Bulletin  No.  29 
of  this  Station.  Referring  to  that  report  it  wilJ  be  seen  that 
seeds  germinated  more  readily  in  soil  containing  a  small 
amount  of  salts  than  in  leached  soil.  It  is  very  interesting 
that  a  small  amount  of  salt  should  facilitate  the  process  of 
germination.  Is  the  salt  a  factor  in  the  process  of  convert- 
ing the  plant  food  stored  up  in  the  seed  into  an  available 
form  for  the  use  of  the  growing  embryo?  Does  the  presence 
of  the  very  small  amount  of  the  salts  influence  the  turgor  in 
the  cells  of  the  germinating  seed  and  thus  cause  this  bene- 
ficial result?  Copeland,  in  his  article,  "The  Relation  of  Nu- 
trient Salts  to  Turgor,"  in  the  December  number  of  the  Bo- 
tanical Gazette  for  1897,  states  that  potassium  increases  the 
turgor  in  the  cells  of  the  plant.  He  does  not  believe  that 
sodium  has  an  equal  effect,  but  it  has  occurred  to  me  that 
the  very  small  amounts  of  the  salts  used  in  this  experiment 
might  so  influence  the  turgor  in  the  seed  as  to  produce  the 
marked  effect  on  germination.  No  marked  stimulating 
effect  was  produced  by  sodium  chloride. 
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In  the  0.7  percent  solution  chart  the  curves  remain 
somewhat  close  to  the  water  curves,  though  the  sodium  car- 
bonate di:pp8  down  a  little.  This  indicates  that,  with  the 
exception  of  the  latter,  solutions  of  the  salts  at  this  percent 
have  no  marked  effect  on  the  germination. 

The  1  percent  solution  chart  indicates  that  sodium  car- 
bonate at  this  strength  retards  germination  decidedly. 

In  the  2  percent,  3  percent,  4  percent  and  on  up  to  the 
9  percent  solution  charts,  the  retarding  effects  are  shown  to 
increase  ver^' rapidly. 

It  ift  app*Fent"from  the  experiment  that  the  retarding 
effects  of  the  different  solutions  are  in  proportion  to  their 
osmotic  pressures.  Professor  Slosson  has  worked  out  the 
osmotic  pressures  of  1  percent  solutions  of  the  salts  and  also 
of  the  sugar  and  has  kindly  furnished  them.  They  are  as 
follows: 

"1  percent  sodium  chloride  equals  7.4  atmospheres. 

1  percent  sodiuum  carbonate  equals  4.3  atmospheres. 

1  percent  sodium  sulphate  equals  3.9  atmospheres. 

1  percent  magnesium  sulphate  equals  2.8  atmospheres. 

1  percent  sugar  equals  0.7  atmospheres.'* 

If  the  osmotic  pi*essure  of  the  different  salts  is  the 
cause,  or  one  of  the  principal  causes,  of  the  retarding  effect 
they  exert,  the  curves  showing  the  respective  effects  of  the 
different  salts  should  arrange  themselves  in. the  order  of 
their  osmotic  pressure.  It  will  be  seen  at  a  glance  that  so- 
dium carbonate,  from  the  1  percent  solutions  up,  has  a  great- 
er retarding  effect  than  any  of  the  others,  which  would 
not  be  the  case  if  caused  only  by  the  difference  in  osmotic 
pressure.  This  is  without  doubt  due  to  its  caustic  effect  on 
the  seed,  which  would  be  considerable  in  the  solutions  con 
taining  the  higher  percents  of  the  salts.  This  fact,  that  so- 
dium carbonate  is  alkaline  and  that  the  other  salts  used  are 
neutral,  puts  it  at  once  in  a  different  category.  Then  if  we 
confine  ourselves  to  the  other  salts  we  find  that  from  3  per- 
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cent  up  they  arrange  themselves  in  the  order  of  their  os- 
motic pressure.  Below  3  percent  the  relative  retarding  ef- 
fect of  the  salts  seems  to  be  quite  irregular,  probably  be- 
cause the  osmotic  pressures  are  not  great  enough  to  make 
a  marked  difference.  The  5  percent  solution  chart  shows 
variation  in  this  order,  the  sodium  sulphate  and  magnesium 
sulphate  curves  cross,  but  owing  to  the  fact  that  the  order 
is  maintained  in  the  higher  precents  this  variation  probably 
is  not  important.  Solutions  of  sugar  are  used  in  the  experi- 
ment in  order  that  we  might  be  able  to  compare  the  effect  of 
this  substance  on  the  germination  of  seeds  with  the  effects 
produced  by  the  salts  used.  It  is  probable  that  any  retard- 
ing effect  sugar  might  be  found  to  have,  would  be  due  to  os- 
motic pressure  alone.  Sugar  has  a  low  osmotic  pressure 
compared  with  the  salts  used  but  when  the  solution  is  suf- 
ficiently concentrated,  (from  5  percent  up)  its  curve  drops 
below  that  of  water.  It  is  of  interest  to  compare  the  9  per- 
cent sugar  curve  with  the  1  percent  sodium  chloride  and  the 
2  percent  sodium  sulphate  curves,  as  the  osmotic  pressure  of 
each  of  the  solutions  is  nearly  the  same.  There  is  a  marked 
difference  in  the  osmotic  pressure  of  sodium  chloride  and 
sodium  sulphate,  that  of  the  former  being  nearly  twice  that 
of  the  latter.  In  the  charts  there  is  an  analagous  difference 
in  their  respective  curves  in  the  higher  percents.  Between 
sodium  sulphate  and  magnesium  sulphate  there  is  not  so 
much  difference  in  the  osmotic  pressure,  and  in  the  charts 
there  is  not  the  difference  in  their  curves.  These  results  in- 
dicate conclusively  that  the  retarding  effect  of  a  salt  solu- 
tion on  the  ^germination  of  seeds  is  in  direct  proportion  to 
its  osmotic  pressure  when  the  solutions  are  strong. 
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Table  I. — /^y^  in  Sugar, 

Table  showing  number  of  seeds  firermlnalod  each   day   in   the   different 

percents. 
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Table  II. —  /^y^  in  Magnesium  Sulphate, 

Table  showing  number  of  seeds  germinated  each   day   in   the   different 

percents. 
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Table  III. — /^ye  in  Sodium  Sulphate. 

Table  showing  number  of  seeds  germinated  each   day   in   the   different 

percents. 
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Table  IV. — Rye  in  Sodium  Carbonate. 

Table  showing  number  of  seeds  germinated   each   day    In   the   different 

percents. 
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Table  V. — /^v^  in  Sodium  Chloride, 


Table  showing-  number  of  seeds  germinated   each   day   in   the-  different 

percents. 
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Table  VI.—  PVAea^  in  Sugar, 

Table  showing  number  of  seeds  germinated   each   day    In    the   different 

percents. 
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Table  VII. —  tVheat  in  Magnesium  Sulphate, 

Table  showing  number  of  seeds  srerminaled  each    day   in  the   different 

percents. 
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Table  VIII. —  IVheat  in  Sodium  Sulphate. 

Table  showing  number  of  seeds  germinated   each   day   In   the   different 

percents. 
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Table  IX. —  Wheat  in  Sodium  Carbonate, 

Table  showing:  number  of  seeds  germinated  each   day   in  the   different 

percents. 
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TAitp  X.-^  Wheat  m  Sodium  Chloride. 

Table  showing  number  of  seeds  e:erroinat.ed  each   day   in   the   different 

percen  is. 
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DE8CBIPnOK  AHD  RESULTS  OF  A  CHECK  TO  TEST  THE 

CONCLUSIONS  DBAIXTN  FROM  THE  OERMI- 

NATINO  EXPERIMENTS. 

The  germinating  device  used  in  the  foregoing  experi- 
ments, that  is,  the  method  of  germinating  the  seeds  between 
cloths  raised  slightly  above  the  surface  of  the  solution  but 
with  all  their  edges  dipping,  is  subject  to  the  possible, error 
.that,  due  to  the  selective  absorbtion  of  the  cloth,  the  solu- 
tion surrounding  the  «eed  may  not  be  the  same  as  the  body 
of  the  solution.  This  chance  for  error  was  anticipated  and 
once  each  day,  and  sometimes  more  often,  the  cloths  cover- 
ing the  seeds  were  removed  and  plunged  into  their  respec- 
tive solutions.  This  in  all  probability  practically  overcame 
the  influence  of  the  selection  which  took  place  during  the 
time  the  moisture  was  supplied  by  capillarity.  But  to  de- 
termine the  real  validity  of  the  results  obtained  a  check  test 
was  carried  out  with  the  different  percents  of  one  of  the 
salts,  sodium  salphate,  in  which  the  factor  just  mentioned 
is  eliminated  and  the  seeds  were  germinated  in  sand  instead 
of  between  clothes. 

DESCRIPnCON  OF  EXPERIMENT. 

Some  clean,  sharp  river  sand  was  obtained  and  a  suffi- 
cient quantity  was  screened  through  a  1  mm.  sieve.  The  or- 
ganic matter  was  removed  by  allowing  20  liters  of  10  per 
cent  hydrochloric  acid  to  leach  through  it,  the  sand  being 
first  placed  in  an  earthenware  vessel  with  an  opening  at 
the  bottom.  It  was  then  washed  for  several  hours  with  run- 
ning water,  and  finally  with  distilled  water  till  the  chlorides 
disappeared  in  the  leaehings.  (The  chlorides  were  not  en- 
tirely eliminated,  a«  silver  nitrates  show^  the  merest  trace 
remaining.)  The  sand  was  then  dried  by  heating  it  for  some 
time  in  shallow  pans  to  the  temperature  of  boiling  or  a  lit- 
tle above. 
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Granite-ware  plates  were  used  in  the  test  to  hold  the 
sand  containing  the  different  percents  of  alkali,  1200  gm. 
of  sand  being  placed  in  each.  This  filled  them  almost  even 
full,  the  sand  being  about  seven-eighths  of  an  inch  deep. 
The  uper  half  of  this  sand  was  removed  and  fifty  carefully 
selected  seeds  of  Chili  wheat  and  fifty  seeds  of  Spring  rye 
were  placed  close  together,  though  not  touching  on  this  low- 
er layer  of  sand.  They  were  then  pressed  down,  with  a 
smooth  surface,  till  their  upper  edges  were  even  with  the 
level  of  the  sand.  It  was  the  original  intention  to  use  a  flat 
metal  screen  to  lay  over  the  seeds  at  this  point,  covering  it 
with  the  remaining  sand.  The  seeds  would  in  this  way  be 
surrounded  by  sand  and  by  merely  lifting  the  screen  they 
could  readily  be  examined.  A  piece  of  cloth  was,  however, 
substituted  in  place  of  the  metal  screen  on  account  of  the 
possibility  of  the  metal  rusting  or  being  corroded  by  the  salt 
and  thus  adding  another  factor  which  might  influence  the 
germination.  So  a  piece  of  fine  cheese-cloth  with  a  large 
mesh  was  placed  over  them  and  the  upper  layer  of  sand  was 
carefully  poured  on.  A  pane  of  window  glass  of  suitable 
size  was  then  placed  over  each  plate  to  prevent  evaporation 
when  the  solutions  were  added.  Previous  to  this  a  stock  so- 
lution of  10  percent  sodium  sulphate  had  been  carefully 
made  up,  the  salt  being  heated  to  a  low  red  heat  for  a  short 
time,  then  cooled  and  weighed. 

It  was  found  that  20  percent  of  moisture  added  to  the 
sand  brought  it  somewhat  near  the  point  of  saturation,  or 
to  a  very  desirable  condition  for  the  process  of  germination, 
so  to  each  plate  containing  1200  gm.  of  sand  there  was 
added  300  cc.  of  solution,  this  300  cc.  of  solution  being  20 
percent  of  the  sand  and  water  taken  together. 

In  the  simple  process  of  germination,  the  seed  is  af- 
fected only  by  the  salts  or  substances  dissolved  in  the  solu- 
tion surrounding  it.  The  insoluble  material  in  the  soil  has 
mechanical  duties,  only,  to  perform.     That  plants  absorb 
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only  those  substances  that  are  in  solution  seems  so  axiom- 
atic that  it  is  scarcely  necessary  to  quote  authorities  on 
the  point,  but  Johnson  in  "How  Crops  Grow,"  page  272, 
8a.\^,  "The  food  of  the  plant,  so  far  as  it  is  derived  from  the 

soil,  enters  it  in  a  state  of  solution,  and  is  absorbed  with  the 

• 

water  which  is  taken  up  by  the  rootkts."  We  have,  in  an 
experiment  of  this  kind,  therefore,  to  do  with  the  amount  of 
soluble  material  with  its  relation  to  the  amount  of  water 
present  and  not  with  its  relation  to  the  amount  of  soil. 
This  point  has  apparently  been  ignored  in  alkali  investiga- 
tions in  general.  In  the  soil  analyses  the  percent  of  alkali 
is  given  but  no  apparent  attention  is  paid  to  the  amount  of 
moisture  in  the  soil.  To  arrive  at  trustworthy  conclusions 
it  is  highly  important  that  the  moisture  content  be  taken 
into  careful  consideration,  for  in  the  arid  regions,  where  the 
alkali  question  becomes  a  problem,  the  moisture  content 
varies  greatly.  The  relation  of  the  soil  to  the  amount  of  salt 
it  may  contain  is  the  same  no  matter  how  the  moisture 
varies,  while  it  is  the  variation  of  the  latter  which  affects 
the  seed  or  plant.  If,  for  instance,  the  amount  of  moisture 
in  the  soil  changes  from  20  percent  to  10  percent,  the  per- 
cent of  salt  in  the  soil  water  is  doubled,  providing  the  point 
of  saturation  is  not  passed.  In  that  case  a  part  of  the  salt 
crystalizes  out  and  becomes  as  inert  as  the  other  insoluble 
material  in  the  soil.  The  importance,  then,  of  dealing  with 
the  amount  of  soluble  salts  in  its  relation  to  the  amount  of 
soil-water,  and  not  to  the  total  amount  of  dry  soil,  is  quite 
apparent. 

The  300  cc.  of  solution,  therefore,  which  was  to  be  added 
to  each  1200  gm.  of  sand  was  brought  to  the  required 
strength  by  adding  enough  of  the  10  percent  stock  solution 
already  mentioned,  to  make  it  similar  to  the  various  solu- 
tions used  in  the  previous  test  where  the  seeds  were  germin- 
ated between  cloths.  The  sti'engths  of  the  solutions  used  are 
as  follows:  9  percent,?  percent,5  percent,4  percent,3  percent, 
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2  percent,  1  percent,  0.7  percent,  0,4  percent,  0.1  percent.  The 
sand  in  two  plates  was  wet  with  distilled  water,  this  making 
a  double  check.  The  seeds  being  placed  in  dry  sand,  no 
growth  would  occur  till  moisture  was  added.  The  solutions 
were  added  to  all  the  plates  within  about  an  hour.  The 
weight  of  each  plate  was  then  carefully  taken.  For  the  first 
few  days  the  plates  were  weighed,  but  after  allowing  for  the 
weight  of  the  seeds  which  had  germinated  and  been  re- 
moved, the  evaporation  was  found  to  be  very  slight.  It  was 
the  third  day  before  sufficient  loss  of  weight  could  be  de- 
tected to  warrant  adding  water  to  bring  back  to  the  initial 
weight.  At  intervals  later  on  water  was  added  when  neces- 
sary to  bring  the  weights  of  the  plates  back  to  their  original 
weights.  The  first  examination  of  the  seeds  occurred  16 
hours  after  the  solutions  were  added;  all  later  examinations 
occurred  about  24  hours  apart. 

The  results  of  the  tests  are  given  in  the  following  ta- 
bles: 

Table  X[.—/^j^e. 
Number   of   seeds   ererminated    in    the    difTerent    solutions. 
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Table  Xlh-^lVheai, 
Number  of  seeds  germinated   in  tbe   different   solutions. 
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Comparing  the  table  giving  the  results  with  wheat  to 
the  table  reporting  the  original  test  with  wheat,  found  in 
the  first  part  of  this  report,  where  the  seeds  were  germin- 
ated between  cloths,  it  will  be  seen  that  the  seeds  planted  in 
sand  germinated  much  more  readilv  and  also  that  a  larger 
part  of  them  germinated  than  when  planted  between  cloths. 
That  seeds  in  general  act  very  differently  with  different 
germinating  devices  has  been  remarked  by  the  late  Mr. 
Hicks  of  the  Department  o|  Agriculture  at  Washington,  D. 
C,  who  had  wide  experience  in  germinating  tests.  He  says, 
for  instance,  that  it  is  with  great  diflSculty  that  some  seeds 
are  germinated  between  blotters  while  they  germinate  read- 
ily between  cloths  whose  edges  are  allowed  to  dip  in  water. 
He  says  there  is  no  appareivt  explanation  for  many  of  these 
variations.  This  general  faet  doubtless  explains  why  wheat 
germinated  so  much  more  readily  when  placed  in  sand  than 
when  placed  between  cloths.  With  the  rye  this  is  not  the 
case,  but  if  anything  the  reverse,  for  it  will  be  noted  that  in 
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the  original  experiment,  when  they  were  planted  between 
cloths,  there  were  quite  a  number  germinated  the  first  day, 
in  one  case  as  many  as  60  percent,  while  where  they  were 
planted  in  sand  scarcely  any  were  germinated,  4  percent 
being  the  most  in  any  particular  ca«e.  This  variation  one 
way  or  the  other  does  not  affect  the  general  conclusions 
that  may  be  drawn,  as  the  results  in  the  respective  tests  are 
comparable  with  each  other.  So  taking  each  test  separately 
and  comparing  the  number  germinated  and  the  rate  of  ger- 
mination in  the  different  percents  of  the  salts  to  the  rate, 
etc.,  of  the  germination  in  Jhe  water,  we  can  determine  the 
relative  effect  of  a  certain  percent  of  the  salt  on  the  germin- 
ation of  the  seed. 

It  is  therefore  quite  apparent  that  a  careful  comparison 
of  the  tables  shows  that  notwithstanding  the  variation  as 
to  the  number  germinated  and  the  decided  difference  in  the 
rate  of  germination,  the  percent  at  which  the  salt  exercises 
a  retarding  effect  is  the  same  in  both  experiments. 

EXPERIMENT   IK    GROWING   PLANTS    IN    POTS   IN    THE 

PRESENCE   OF   ALKALI   SALTS. 

It  is  probable  that  de*finite  conclusions  cannot  be 
drawn  from  this  experiment  in  regard  to  the  effect  of  a  given 
amount  of  salt  on  the  growth  of  plants.  As  the  evaporation 
was  so  great  from  the  soil  surface  and  from  the  surface  of 
the  porous  pots  as  well,  the  strength  of  the  salt  solution  in 
the  soil  varied  considerably.  The  effect  of  this  evaporation 
and  the  way  the  salt  was  carried  to  the  surface  of  the  pots 
in  those  containing  large  amounts  of  alkali  is  well  shown  in 
the  illustration  of  a  pot  covered  with  incrustations  of  salt. 
As  water  was  added  each  day  to  supply  the  amount  lost  by 
evaporation,  this  salt  was  8<*raped  off  and  washed  biuk  into 
the  soil  and  it  is  believed  the  general  results  in  showing  the 
prevention  of  growth  by  large  amounts  of  salts  are  of  suf- 
ficient value  to  be  published,  and  the  effects  produced  by  the 
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same  percents  of  different  solutions  are  comparable.  As 
would  be  expected  there  are  wide  variations  and  irregnlari- 
ties  in  the  tables  between  one  strength  of  solution  and  the 
next,  but  as  a  whole  the  experiment  shows  what  may  be  ex- 
pected of  the  different  salts  and  of  the  quantity  present  in 
the  soil. 

A  general  view  of  the  pots  at  the  time  the  seeds  were 
planted  is  given  in  the  illustration.  The  plates  on  the  bench 
back  of  the  pots  are  as  they  were  used  in  the  first  germina- 
tion experiment  which  was  afterward  abandoned  and  re- 
peated in  the  manner  already  ojatlined. 

One  hundred  and  fifty-three  two  and  one-half  inch 
pots  were  used,  ("lean  river  sand  was  screened  through  a 
one  millimeter  sieve  and  then  put  in  pans  which  were  placed 
over  the  furnaces  in  the  assay  department  for  a  few  hours. 
One  hundred  eighty  grams  of  this  sand  were  put  in  each  pot 
and  these  were  placed  in  saucers  on  the  center  bench  of  the 
greenhouse  on  moist  sand.  Each  pot  had  its  number  placed 
on  it  with  asphalt  varnish.  To  each  pot  was  added  60  cc.  of 
solution.  This  contained  the  required  amount  of  salt  and 
ateo  enough  of  the  salts  of  the  normal  nutritive  solution, 
commonly  used  in  water  cultures,  to  make  the  solutions 
equal  in  nutritive  value  irrespective  of  the  other  salts.  The 
normal  nutritive  solution  used  is  the  one  given  for  water 
cultures  in  "Frank  Lehrbuch  der  Botanik:" 

1.0  g Ca(NO,), 

.25  g KCl 

.25  g MgSO, 

.25  g KH^PO, 

1.75  g.  in  1000  cc H^O 

This  was  made  in  more  concentrated  form  and  enough 
added,  in  making  up  the  60  cc.  of  solution  each  pot  was  to 
receive,  to  make  the  percent  of  the  nutritive  solution  the 
same  as  in  the  formula  given.  This,  of  course,  increased  the 
total  percent  of  salts  in  the  solution  0.175  percent,  which  is 
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quite  a  factor  in  the  solutions  containing  the  lower  percents 
of  the  salts,  but  in  the  solutions  containing  more  than  one 
p^cent  of  salt  this  additional  amount  would  not  change  the 
results  materially.  Sixty  cc.  of  solution  added  to  180  g.  of 
sand  would  make  the  percent  of  moisture  in  the  total 
amount  twenty-fiye.  To  every  three  pots  was  added  the 
same  solution;  for  example,  the  first  three  contained  merely 
water,  the  second  three  0.1  percent  sodium  chloride,  the 
third  three  0.1  pecent  sodium  sulphate,  etc.  Five  seeds  of 
wheat  were  planted  in  the  first  pot,  five  of  clover  in  the  next, 
and  five  of  rye  in  the  next.  The  pots  containing  wheat  were 
each  placed  on  the  balances  and  small  pieces  of  stone  or 
broken  crockery  were  placed  with  them  to  make  each  weigh 
370  g.  The  pots  and  weights  were  then  returned  to  their  re- 
spective saucers.  Every  other  day  at  the  beginning,  and 
every  day  in  the  latter  part  of  the  test,  these  pots  were 
weighed  and  enough  water  added  to  bring  them  back  to 
their  original  weight.  This  amount  was  measured  and  re- 
corded and  a  like  amount  was  added  to  the  clover  and  rye 
pots  containing  identical  solutions.  After  it  became  evi- 
dent that  the  clover  seeds  would  not  germinate,  the  pots  in 
which  they  were  planted  were  cast  out.  When  the  wheat 
and  rye  were  nicely  up  the  strongest  plant  in  each  pot  was 
selected  and  the  others  were  destroyed,  leaving  but  one 
plant  in  each  pot. 

The  test  was  continued  for  ninety  days,  but  on  the  ac- 
count of  the  pots  being  so  small  it  was  impossible  to  keep 
the  sand  moist  enough,  by  adding  water  once  a  day,  to  pre- 
vent the  plants  from  suffering  from  lack  of  it  after  they  had 
attained  a  height  of  ten  or  more  inches.  This  fact  would  no 
doiibt  vitiate  the  results,  as  we  have  reason  to  suppose  the 
evaporation  from  the  soil  containing  a  large  percent  of  al- 
kali is  less  than  from  soil  freer  from  the  salts,  for  if  the 
plants  suffered  from  lack  of  moisture,  those  in  large 
amounts  of  alkali  would  probably  suffer  less  from  this 
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cause,  in  consequence  of  which  the  results  would  not  be 
comparable.  The  results  have  been  tabulated  for  the  first 
forty  days  of  the  test.  From  the  average  amount  of  water 
added  each  day  during  this  time  to  bring  the  percent  of 
moisture  up  to  twenty-five,  it  will  be  seen  that  the  plants  in 
all  probability  did  not  suffer  for  water  at  any  time.  On  the 
sides  of  the  pots  containing  the  larger  percents  of  the  salts^ 
particularly  with  sodium  sulphate  and  magnesium  sulphate, 
a  white  incrustation  was  formed.  This  did  not  accumulate 
to  anv  extent  on  the  surface  of  the  sand  as  it  was  dissolved 
here  when  water  was  added.  The  incrustation  on  the  oat- 
side  was  scraped  into  a  saucer  and  from  it  returned  to  the 
pot,  where  it  was  soon  redisaolved.  On  account  of  the  vari- 
ation in  the  concentration  of  the  solutions  in  the  pots, 
caused  by  this  incrustation,  only  general  conclusions  can  be 
drawn  from  the  ex|)eriraent.  The  seeds  were  planted  Feb- 
ruary 7,  and  in  the  following  tables  are  given  the  heights  of 
the  plants  10  days  later,  February  23,  and  also  40  days  later, 
March  19.  The  daily  average  amount  of  water  added,  as 
given  in  the  tables,  is  the  average  up  to  and  including 
March  15.  The  amount  added  to  the  rye  is  of  no  particular 
value  as  it  is  the  same  as  that  added  to  the  wheat. 

From  the  tables  it  will  be  seen  that  the  daily  average  of 
water  is  less  in  those  pots  containing  the  larger  percent  of 
salts.  The  evaporation  from  a  solution  containing  salt  is 
less  than  from  pure  water.  It  is  to  be  inferred  that  the 
r(*ason  the  iH)ts  containing  higher  j)errenta  re<*eived  less 
water,  was  du(»  to  this  fact  and  that  the  evaporation  is  re- 
duced in  soils  containing  hirge  amounts  of  alkali.  The 
fact  that  the  plants  were  not  so  large  in  the  higher 
percents,  indicates  that  they  abw)rbed  less  water,  so 
that  the  gn^ater  loss  of  moisture  from  the  |K>ts  con- 
taining lower  jercents  is  not  due  entirely  to  evapora- 
tion from  the  soil  and  pot.  That  the  evaporation  from 
soil  containing  large  percents  of  alkali  is  less  than  from 
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soil  containing  little  salt  is  a  matter  of  common  observa- 
tion and  is  substantiated  by  the  fact  that  the  evaporation 
from  the  pots  containing  large  percents  of  alkali  was  less 
than  others  during  the  early  part  of  the  test  before  the 
plants  were  up.  This  point  is  not  brought  out  in  the  tables, 
as  only  average  amounts  of  water  for  the  time  are  given.  On 
the  pots  containing  the  larger  percents  of  sugar  a  black 
fungus  formed  not  only  on  the  surface  of  the  sand  but  also 
on  the  pot.  This  doubtless  affected  the  evaporation  to  a 
marked  degree.  From  the  last  two  tables  given  it  will  be 
seen  that  a  large  percent  of  sodium  carbonate  has  the  great- 
est detrimental  effect  on  the  growth  of  the  plants,  sodium 
chloride  ranks  next,  and  magnesium  sulphate  and  sodium 
sulphate  have  about  the  same  effect.  The  evaporation  in 
the  tables  is  indicated  by  the  average  amount  of  water 
necessary  to  add  each  day  to  bring  the  pots  back  to  their 
original  weight. 
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Table  XVI. — Magnesium  Sulphate, 
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SUMMARY. 

(1)  The  presence  of  very  small  amounts  of  sodium  sul- 
phate, sodium  chloride,  magnesium  sulphate  or  sodium  car- 
bonate undoubtedly  has  a  beneficial  effect  on  the  germina- 
tion of  seeds  and  growth  of  plants.  Large  amounts  of  tbe 
same  salts  retard  germination. 

(2)  Of  the  salts  most  abundant  in  the  alkali  of  the  arid 
regions  those  that  have  the  greatest  detrimental  effects  on 
germination  in  order  are  sodium  carbonate,  sodium  chloride, 
sodium  sulphate,  and  magnesium  sulphate. 

(3)  The  retarding  effect  of  a  salt  solution  on  the  germin- 
ation of  seeds  is  in  direct  proportion  to  its  osmotic  pressure, 
except  where  other  factors  enter  in,  such  as  the  caustic  ef- 
fect of  sodium  carbonate,  or  where  solutions  are  very  dilute. 
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BY   E.  E.  8LOSSON. 


The  special  subjects  to  be  investigated  by  an  experi- 
ment station  are  largely  determined  by  its  location.  Unless 
there  is  a  division  of  labor  among  the  stations  their  loca- 
tion in  different  states  gives  no  advantage  to  compensate 
for  the  disadvantages  of  isolation  and  duplication.  The 
Wyoming  Station  is  the  only  one  located  on  a  very  high 
arid  plateau,  and  its  work  is  especially  investigation  of  the 
problems  of  agriculture  under  these  conditions  which  are 
representative  of  so  much  of  the  Rocky  Mountain  region. 
The  principal  disadvantages  of  agriculture  in  such  locali- 
ties are  the  short  and  cold  growing  season,  insufficient  rain- 
fall, excessive  evaporation,  and  the  super-abundance  of  sol- 
uble salts  in  the  soil.  Almost  all  the  work  of  the  Wyoming 
Station  since  its  establishment  has  had  a  moY»e  or  less  direct 
bearing  on  these  subjects  and  it  will  be  still  further  coordi- 
iiated  and  concentrated  in  the  future. 

The  disadvantageous  conditions  of  agriculture  in  tht  se 
elevated  and  arid  regions  can  only  be  overconu*  in  two 
ways;  by  changing  the  conditions  where  possible  ar  by  get- 
^lig  plants  to  grow  under  these  conditions.  As  examples  of 
tbe  first  line  of  work  may  be  mentioned  irrigation  to  sup- 
plement the  rainfall,  cultivation  of  the  soil  to  che^k  evap- 
oration and  the  removal  or  dilution  of  the  soluble  salts.  In 
tbe  second  line  of  work  a  good  deal  has  been  done  in  deter- 
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mining  what  crops  will  grow  in  the  arid  region,  but  very 
few  attempts  have  been  made  in  intentional  acclimatiza- 
tion of  useful  plants. 

THE   AT.KAT.T  PROBLEM. 

The  term  "alkali"  has  by  common  consent  been  given 
to  the  easily  soluble  salts  of  the  alkalies  and  alkaline  earths 
which  are  found  in  the  soil.  The  word  is  misleading,  since 
it  conveys  the  impression  that  the  salts  have  an  alkaline  re- 
action, which  is  not  the  case  with  any  of  them  except  sodi- 
um carbonate,  but  as  there  is  no  other  single  word  express- 
injj^  the  same  idea,  there  is  no  reason  why  it  should  not  be 
used  in  scientific  as  well  as  popular  writing. 

It  has  not  been  sufficiently  understood  that  the  injuri- 
ous effects  of  alkali  are  due  to  the  deficiencv  of  water  as 
much  as  to  the  surplus  of  salts.  In  the  arid  region  generally 
the  quantity  of  salts  is  not  so  great  but  that  if  it  were 
ev(»nly  distributed  through  the  soil  and  diluted  with  a  suflS- 
cieiit  amount  of  water,  it  would  be  beneficial  rather  than 
harmful.  We  are  not  dealing  with  salts  a>  such,  but  with 
salt  solutions,  which,  according  to  modern  chemistry,  is  an 
entirely  dift'erent  thing.  Whether  a  certain  percentage  of 
salts  in  the  soil  is  injurious  or  not  dei)ends  entirely  on  the 
amount  of  water  in  the  soil.  This  is  quite  obvious,  yet  often 
overlooked,  and  we  see  attempts  made  to  dete  mine  the  max- 
imum amount  of  alkali  in  the  soil  tolerated  by  different 
crops  without  reference  to  the  water  content.  Is  one- 
tenth  of  one  percent  of  sodium  sulphate  in  a  soil  injurious 
to  wheat?  If  there  is  10  percent  of  water  in  the  soil  it  is,  if 
there  is  20  percent  it  is  not.*  The  only  statement,  then,  that 
can  accurately  be  made,  is  that  a  one  percent  solution  of 
sodium  sulphate  injures  wheat.  The  importance  of  this 
factor  may  be  realized  when  it  is  noticed  that  under  irriga- 

*Slnce  the  •oil  Is  the  constant  and   the  moisture  the  variable  it  is 
preferable  to  base  the  water  content  on  the  dry  solL 
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tion  the  water  content  of  the  soil  may  change  from  5  percent 
to  25  percent  in  a  few  hours. 

In  the  arid  regions,  too,  it  often  happens  that  the  soil 
water  is  a  saturated  solution.  In  such  a  case,  of  course,  the 
excess  of  alkali  in  the  soil  is  as  harmless  as  sand,  and  analy- 
ses giving  large  percentages  of  alkali  in  soils  are  misinter- 
preted unless  this  is  taken  into  consideration. 

THE  IMBIBITION  OF  WATER  BY  SEEDS. 

That  seeds  do  not  germinate  as  early  in  alkali  land  as 
in  other  is  known  to  every  farmer,  but  the  cause  has  gen- 
erally been  ascribed  to  some  poisonous  action  of  the  salts 
on  the  living  seed.  It  seemed  necessary,  therefore,  to  study 
the  action  of  salt  solutions  on  seeds,  and  this  subject  has 
been  under  investigation  for  three  years,  with  the  results 
here  published.  * 

The  first  thing  was  to  find  out  whether  the  seed  coating 
and  cell  walls  were  semi-permeable  or  not;  that  is,  whether 
they  admitted  the  water  more  freely  than  the  dissolved 
salts  or  whether  the  solution  was  absorbed  as  a  whole.  If 
the  walls  were  semi-permeable,  the  osmotic  pressure  of  the 
digsolved  salt  would  tend  to  prevent  the  imbibition  of  water 
and  less  water  would  be  absorbed  from  a  salt  solution  than 
from  pure  water.  An  experiment  showed  that  this  was  the 
case.*  Wheat  was  weighed  and  soaked  in  distilled  water 
and  in  a  2^  percent  solution  of  alkali. § 

Percentage  of  Water  Absorbed  by  Wheat  In  24  Hours.    In  96  Hours. 

In  dlstlUed   water 44.2  69.2 

In  alkali  solution 89.9  54.3 

This  proved  that  the  first  deleterious  effect  of  alkali 
was  in  hindering  the  absorption  by  the  seed  of  sufficient 
amount  of  water  to  germinate.  The  answer  to  one  question 
always  asks  several  more,  and  among  those  suggested  by 
this  experiment  were  whether  osmotic  pressure  was  the  im- 

♦Bulletln  No.  29,   Alkali,  by  B.  a  Buffum,  July.  1896;  p.  286. 

SThe  composition  of  the  salts  selected  was  the  same  as  that  on  the 
Laramie  Station   Farm. 
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portant  factor,  whether  there  was  a  difference  in  the  action 
of  different  seeds  and  different  salts,  whether  germination 
was  prevented  or  merely  retarded,  whether  salts  were  ab- 
sorbed at  all,  and  if  so,  whether  thej  poisoned  the  seed. 

The  experiments  were  all  carried  on  in  the  following 
way.  A  weighed  quantity  of  seed,  about  five  grams  except 
when  they  were  very  small,  was  put  into  a  wide-mouth  two- 
ounce  bottle  and  covered  with  a  salt  solution,  the  strength 
of  which  is  determined  by  titration.  Every  twelve  hours,  at 
6  A,  M.  and  P.  M.,  the  bottles  were  emptied  onto  a  screen, 
the  seed  rolled  on  sheets  of  filter  paper  until  superficially 
dried  and  then  weighed.  The  fresh  solution  is  poured  on 
each  time  the  seeds  are  weighed  so  it  remains  sufficiently 
constant  in  composition.  The  bottles  were  kept  at  room 
temperature  and  in  diffused  light.  Slight  variations  do  no 
harm,  because  the  osmotic  pressure  of  different  solutions 
varies  at  the  same  rate  except  for  changes  in  dissociation. 
Seeds  were  counted  at  beginning  and  end  of  the  experimnt 
and  somtimes  oftener.  In  the  later  experiments  the  volume 
of  the  seeds  before  and  after  swelling  was  taken  with  a 
specific  gravity  flask  and  the  chlorides  and  sulphates  in  the 
ash  determined. 

Many  other  schemes  were  tried,  especially  for  drying 
the  seeds,  but  the  above  was  most  rapid  and  accurate.  The 
variation  in  weight  between  two  successive  dryings  is 
usually  less  than  one-tenth  percent  but  in  the  case  of  seeds 
with  somewhat  rough  coats  like  sunflower  or  buckwheat  it 
may  amount  to  five-tenths  percent.  This  is  less  than  the 
daily  variation  due  to  unknown  causes.  The  experiments 
were  stopped  when  the  seeds  softened  or  ceased  to  absorb 
water.  Since  the  seeds  are  completely  immersed  in  water 
germination  does  not  occur  except  with  a  few  kinds  of  seeds 
and  only  physical  and  chemical  forces  come  into  play.  Seeds 
in  which  the  power  of  germination  was  destroyed  by  age, 
heat  or  formaldehyde  gas  gave  the  same  results  as  living 
seeds. 


Alkali  StudieSy  IV. 


IMBIBITION  OF  IVATBR  FROM  OTHS  PBRCBNT  SAI/T  SOLUTIONS. 

In  Table  I  are  given  the  results  of  soaking  wheat,  clover 
and  rye  in  solutions  of  one  percent  of  the  common  alkalies, 
sodium  chloride,  sulphate  and  carbonate,  and  magnesium 
sulphate.  A  solution  of  cane  sugar  of  the  same  strength  is 
included  as  this  is  not  ionized  and  cannot  be  supposed  to 
injure  the  seed  by  chemical  action.    The  osmotic  pressure 

is  calculated  from  the  formula*  p-5?^^-  (i+^)  in  which 

P  is  the  osmotic  pressure  in  atmospheres,  T  is  the  absolute 
temperature,  V  is  the  volume  in  liters  which  contains  one 
gram-molecule  of  the  salt,  c  is  the  electrical  conductivity 
of  the  solution,  C  is  the  electrical  conductivity  at  indefinite 
dilution,!  and  n  is  the  number  of  ions  into  which  the  mole- 
cule dissociates.  The  osmotic  pressure  of  sodium  carbonate 
is  not  exact  because  the  extent  of  hydolytic  dissociation  is 
not  known. 

The  clover  seed  began  to  ]3reak  open  almost  from  the 
first  and  had  to  be  abandoned.  The  sugar  solution,  of  which 
the  osmotic  pressure  is  insignificant,  would  be  expected  to 
give  the  same  results  as  water.  In  both  cases  however  the 
imbibition  is  greater  than  from  pure  water.  This  may  be 
due  to  an  accumulation  of  sugar  in  the  seed  increa-ing  its 
weight  but  it  will  be  noticed  in  many  places  in  the  following 
tables  that  seeds  imbibe  more  and  germinate  better  in  a  so- 
lution of  either  sugar  or  salts  with  a  slight  osmotic  pres- 
sure than  in  water  alone  and  it  appears  that  distilled  water 
is  not  as  favorable  for  germination  as  solutions  like  ordinary 
soil  water. 

In  all  cases  the  imbibition  from  salt  solutions  is  de- 
cidedly less  than  from  pure  water.  In  the  tests  on  wheat 
the  amount  of  water  absorbed  decreases  as  the  osmotic 
pressure  increases  with  the  exeception  of  sodium  car- 
bonate solution,  the  action  of  which  is  irregular  in  all 


*Nem8t:     Theoretical  Chemistry,  p.  137. 

IThe  conductivities  were  taken  from  Smithsonian  Physical  Te 
p.  260,  and  Ostwald:    Liehrbuch  der  allfremelnen  Chemle,  11,  2,  p.  723. 
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experiments,  doubtless  on  account  of  its  caustic  effect. 
In  rye  all  the  salts  retard  imbibition,  but  not  in  pro- 
portion to  their  osmotic  pressure.  Apparently  rye  is  less 
afifected  by  differences  in  alkali  than  wheat  and  this  is  con- 
firmed by  the  germination  tests.  It  will  be  noticed  that 
more  water  is  imbibed  by  rye  than  wheat. 

IMBIBITION  OP  "WATBSR  BY  -WHBSAT. 

In  the  next  experiment  wheat  was  chosen  as  the  seed 
tested  and  isomotic  solutions  of  the  common  alkalies  were 
made  up  together  with  a  sugar  solution  of  the  same  osmotic 
strength  for  comparison.    The  results  are  given  in  Table  II. 

It  will  be  seen  that  the  amount  of  water  imbibed  from 
isosmotic  solutions  is  nearly  the  same  regardless  of  the  kind 
of  substance  dissolved.  A  difference  of  one  atmosphere 
osmotic  pressure 'decreased  the  amount  of  water  absorbed 
by  an  average  of  1.3  percent  and  ten  atmospheres  decreases 
it  by  14.0  percent.  Many  cultivated  soils  in  the  arid  region 
contain  sufficient  salts  to  give  a  pressure  of  ten  atmospheres 
opposing  the  entrance  of  water  into  the  seeds. 

Solutions  of  sodium  chloride  were  also  used  running  up 
to  one  hundred  atmospheres  calculated  pressure.  It  appears 
that  when  concentrated  solutions  are  used  an  increase  in  the 
amount  of  the  salt  does  not  produce  its  proportional  effect. 
That  is,  a  small  amount  of  alkali  makes  a  decided  difference 
in  the  water  imbibed  but  any  additional  salt  does  not  make 
it  much  worse.  One  hundred  atmospheres  pressure  shows 
a  diminution  of  29.23  percent,  about  twice  the  effect  pro- 
daced  by  ten  atmospheres.  The  irregularities  in  the  strong 
solutions  are  also  very  great,  for  example  more  water  is  im- 
bibed against  50  atmospheres  than  against  40. 

The  actual  pressure  tending  to  prevent  the  absorption 
of  water  by  the  seed  is  not  nearly  so  great  as  the  numbers 
indicate  for  two  reasons.  One  is  that  the  formula  only  ap- 
plies to  dilute  solutions  and  the  osmotic  pressure  becomes 
less  than  the  theoretical  with  increasing  concentration,  just 
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08  Boyle's  law  does  not  give  correct  results  for  condensed 
gases.  The  correction  for  this  is  not  known,  however,  so 
the  theoretical  numbers  are  given.  Another  point  that  must 
be  taken  into  consideration  is  that  the  seed  is  not  semi-per- 
meable in  the  technical  sense.  Salt  is  absorbed  along  with 
the  water  although  not  in  the  same  proportion.  The  amount 
of  salt  absorbed  by  the  wheat  was  determined  in  some  of 
the  samples  by  incineration  and  titration  and  the  quantity 
is  given  in  Table  III,  column  five.  The  weight  of  grain  taken 
is  about  five  grams.  In  the  next  column  the  same  thing  is 
given  in  percentages,  and  represents  the  number  of  grams 
of  salt  absorbed  by  100  grams  of  wheat  under  the  stated 
osmotic  pressure.  To  ascertain  how  the  strength  of  the  salt 
solution  inside  the  seed  compared  with  that  outside,  the 
percentage  of  salt  was  calculated  on  the  total  amount  of 
water  in  the  wheat,  this  amount  being  found  by  adding  to 
the  water  absorbed,  the  water  originally  in  the  seed,  which 
is  about  10  percent.*  This  compared  with  the  third  column 
shows  the  relative  concentrations  of  the  salt  solutions  out- 
side and  inside  the  seed,  assuming  of  course  that  all  the  salt 
absorbed  is  held  in  solution.  Calculating  the  osmotic  pres- 
sure inside  the  grain  due  to  the  salt  with  that  of  the  solu- 
tion outside  gives  column  8,  the  real  osmotic  pressure  tend- 
ing to  prevent  the  imbibition  of  water.  The  osmotic  pres- 
sure of  the  solution  inside  the  grain  due  to  other  substances 
than  the  salt  absorbed  is  of  course  not  known.  \^ith  in- 
creasing  concentration  the  amount  of  salt  absorbed  with  the 
water  continually  increases  although  not  in  the  same  pro- 
portion, so  the  net  osmotic  pressure  also  rises.  From  50 
atmospheres  upward  the  true  osmotic  pressure  is  about  half 
the  theoretical.  This  net  osmotic  pressure  is,  however,  not 
exerted  during  the  whole  experiment  but  is  only  that  at  the 
end.  The  salt  is  absorbed  gradually  and  accumulates  so 
the  inhibiting  osmotic  pressure  Js  slowly  and  continuously 

*Koenig:      Nahrungs-und  Genussmittel,  I,  471. 
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rednced.  It  will  be  seen  accordingly  from  Table  II  that  the 
salt  in  solution  exerts  a  greater  influence  at  first  than  after- 
wards. At  the  end  of  twenty-four  and  thirty-six  hours*  th^ 
series  is  more  regularly  in  inverse  proportion  to  the  osmotic 
pressure  than  later.  The  ratio  of  the  amounts  of  water 
absorbed  remains  nearly  constant  throughout.  At  thirty- 
six  hours  the  wheat  in  the  100  atmosphere  solution  had  ab- 
sorbed 52.0  percent  of  the  amount  absorbed  by  that  in  pure 
water  and  at  144  hours  53.1  percent.  Evidently  then  the 
presence  of  salts  in  solution  retards  more  than  it  prevents 
the  imbibition. 

The  figures  given  in  Table  II  are  strictly  speaking  the 
total  increase  of  weight  and  include  the  salt  as  well  as  the 
water  absorbed.  In  the  last  column  of  this  table  the  final 
figures  are  corrected  by  substracting  the  weight  of  the  salt 
absorbed  and  they  are  more  regular  than  the  uncorrected 
percentages.* 

The  volume  of  the  soaked  wheat  is  reported  in  Table  III 
in  comparison  with  the  original  volume  of  the  wheat  as 
calculated  from  the  specific  gravity  determination  on  a  sin- 
gle sample.  The  increase  in  volume  varies  inversely  with 
the  osmotic  pressure  like  the  increase  in  weight. 

IMBIBITION    OF   WATKR    FROM    SALT    SOLUTIONS    BY    VARIOUS 

SESBDS. 

To  see  how  great  a  difference  there  was  in  the  behavior 
of  different  kinds  of  seeds  a  series  of  tests  were  run  with 
sunflower,  peas,  buckwheat,  rape  and  Scirpus  paludosus, 
each  in  pure  water  and  in  solutions  of  sodium  chloride  of 
five  and  ten  atmospheres  osmotic  pressure.  Scirpus  palu- 
dosus  is  a  native  plant  that  grows  readily  in  strong  alkali 
ground. 

As  Table  IV  shows,  the  presence  of  salts  in  solution 
diminished  the  amount  of  water  absorbed  in  all  cases  except 
No.  8,  sunflower,  which  shows  a  surprising  variation  from 

♦Part  of  this  table  was  pubUshed  In  Bull.  No.  89.  where,  however, 
tne  heading  should  be  "Parts  per  Thousand"  instead  of  "Percent". 
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what  was  expected.  In  Table  V  are  given  other  data  from 
this  experiment  which  show  that  all  kinds  of  seeds  absorb 
more  salt  from  strong  than  from  weak  solutions  so  that  the 
real  osmotic  pressure  is  somewhat  reduced.  This  is  very 
slight  except  in  the  case  of  peas,  which  admit  the  salt  almost 
as  freely  as  the  water  so  that  the  net  osmotic  pressure  is 
reduced  almost  to  zero.  Peas  in  five  and  ten  atmosphere 
solutions  absorbed  practically  the  same  amount  of  water 
and  the  net  osmotic  pressure  is  really  the  same.  All  the 
seeds  except  peas  will  grow  well  in  alkali  land.  Scirpus  is 
a  native  alkali  plant  and  the  Russian  sunflower  has  been 
recommended  for  cultivation  because  of  its  immunity  from 
the  effects  of  alkalia.  The  rape  and  Scirpus  seeds  are  some- 
what alike  in  size  and  appearance  and  practically  absorbed 
no  more  water  after  the  fourth  day.  Sunflower  and  peas  be- 
gan to  sprout  at  the  end  of  the  experiment.  The  volume  and 
specific  gravity  determinations  are  of  little  interest.  The 
percentages  of  salt  in  the  seeds  after  soaking  in  the  dis- 
tilled water  given  in  the  table  are  always  less  than  in  the 
original  seed,  showing  that  some  of  the  salts  had  been 
washed  out.  The  percentages  of  water  in  the  original  seed 
used  in  calculating  column  6  of  Table  V  are  taken  from 
Keonig  as  follows:  Buckwheat  14  percent,  rape  7  percent, 
sunflower  8  percent,  peas  14  percent,  corn  9  percent. 

IMBIBITION  OF  TVATER  FROM   SALT  SOLUTIONS  BY  GORN  AND 

liVOOD. 

An  experiment  on  sweet  corn  with  five  isosmotic  solu- 
tions of  the  common  alkalies  and  sugar  gave  the  same 
results  as  were  obtained  before  on  other  seeds.  (Tables  VI 
and  VII.)  In  all  cases  five  and  ten  atmospheres  osmotic 
pressure  diminishes  the  amount  of  water  absorbed.  A 
double  check  was  run  in  pure  water  which  shows  that  the 
difference  between  different  seeds  due  to  surface  and 
structure  is  considerable.  The  irregularity  due  to  this  cause 
is  greater  with  corn  when  the  five  grams  contained  only 
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twenty  kernels  than  with  such  seeds  as  rape  and  Scirpus 
where  the  three  grams  used  numbered  over  a  thousand 
seeds.  In  the  more  concentrated  solutions  of  sodium 
chloride  running  up  to  fifty  atmospheres  the  irregularities 
after  forty-eight  hours  became  noticeable  but  find  a  partial 
explanation  in  the  amount  of  salt  absorbed.  The  real  osmotic 
pressure  tending  to  prevent  absorption  of  water  was  not 
in  any  case  fifteen  atmospheres  at  the  end  of  the  experiment. 
The  sodium  carbonate  attacked  the  corn  at  once  and  disin- 
tegrated the  kernels  so  the  tests  in  these  solutions  were  soon 
stopped.  To  see  whether  physiological  forces  were  con- 
cerned in  the  imbibition  of  water  before  germination  a  par- 
allel test  was  made  with  dry  pine  wood  cut  into  cylinders 
about  50  mm.  long  by  5  mm.  diameter.  Water  is  absorbed 
in  much  the  same  way  by  wood  as  by  seeds  and  the  presence 
of  salt  in  solution  diminishes  and  retards  the  imbibition. 

It  will  be  noticed  that  some  of  the  salts  are  absorbed  to 
a  much  greater  extent  than  others  under  originally  the 
same  "head"  of  osmotic  pressure  and  this  produces  a  dif- 
ference in  the  amount  of  water  imbibed.  It  was  thought 
that  the  forcing  of  the  salt  into  the  seed  by  osmotic  pres- 
sure must  be  similar  to  forcing  it  through  water  by  the  ac- 
tion of  the  same  force  and  if  so  the  salts  would  be  absorbed 
in  the  order  of  their  diffusibility.  Dividing  the  amount  of  the 
salts  absorbed  per  hundred  weight  of  dry  seed  by  the 
equivalent  weights  gives  the  relative  number  of  molecules 
forced  into  the  corn  in  six  and  a  half  days,  and  these  num- 
bers may  be  compared  with  the  number  of  molecules  forced 
through  water  in  a  given  time  by  osmotic  pressure  as  dis- 
covered by  Long.' 


• 


No.  of  Molecules  Diffused       No.  of  Molecules  Absorbed 

Through  Water.  By  Corn 

5  Atmos.  10  Atmos. 

H  Sodium  sulphate 678                                  132  303 

Sodium    chloride fiO»                                   43  95 

^  Magnesium    sulphate 348                                   31  76 

It  appears  from  this  that  salts  under  the  same  os- 

•Ostwald:     Lehrbuch   der  allgemelnen  Chemie,  I,  691. 
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motie  pressure  are  absorbed  by  seeds  in  the  order  of  their 
diffusibility.  The  ratio  is  not  exactly  the  same  out  that 
could  not  be  expected  under  the  crude  conditions  of  the 
experiment  in  which  the  motive  force  was  constantly  chang- 
ing. 

In  this  as  in  the  preceding  experiments  the  specific 
gravity  was  taken  from  a  single  sample  and  the  "volumes 
before  soaking"  calculated  from  this.  Doubtless  it  would 
have  been  more  accurate  to  have  determined  the  volume  of 
each  sample. 

Plotting  the  curves  of  water  absorbed  in  all  the  experi- 
ments shows  that  the  curve  is  more  nearly  a  straight  line 
the  stronger  the  solution.  That  is,  the  seeds  in  pure  water 
absorb  rapidly  at  first  and  soon  cease  while  those  in  salt 
solutions  absorb  water  more  slowly  and  regularly,  continu- 
ing to  swell  for  a  long  time  until  they  acquire  nearly  the 
same  amount  as  in  pure  water.  This  is  in  accordance  with 
the  theory  that  the  osmotic  pressure  tends  to  prevent  im- 
bibition at  first,  and  that,  as  this  is  lessened  by  the  accumu- 
lation of  salt  inside  the  seed,  the  imbibition  may  continue. 
Field  work  shows,  too,  that  alkali  retards  rather  than  pre- 
vents germination  arid  growth  with  many  crops. 

BFFKC^T  OF  ALKALI  ON  THB  GBRMINATION  OF  SBBUS. 

In  1896  a  series  of  experiments  on  the  effect  of  alkali  on 
the  germination  of  seeds  was  carried  on,  the  results  of 
which  were  published  in  detail  in  Bulletin  No.  29.  The 
alkali  used  was  that  found  on  the  Experiment  Farm  where 
it  amounts  to  2.25  percent  on  "the  alkali  plats,"  or,  assum- 
ing 25  percent  water  in  the  soil,  it  is  equivalent  to  a  nine 
percent  solution,  which  was  used  in  these  experiments.  The 
•other  solution  was  made  up  on  the  basis  of  one  percent  of 
the  soil  or  a  four  percent  solution.  The  composition  of  the 
ill  kali  is: 

Sodium  chloride  14.39  percent 

Sodium  sulphate 50.16  percent 
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Calcinm  sulphate 15.41  percent 

Magnesium  sulphate 20.03  percenr 

The  osmotic  pressure  of  this  solution  could  not  be  ex- 
aetly  calculated,  as  the  pressure  of  a  salt  in  a  mixture  is  not 
the  same  a«  when  alone  and  the  conductivity  of  calcium  sul- 
phate is  not' known,  but  the  osmotic  pressures  are  not  far 
from  16  and  33  atmospheres  respectively.    Table  VIII  gives 

Table  VIII.  —  Tlhe  Effect  of  Alkali  on  the  Germination  of  Seeds, 
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a  suramary  of  the  results  and  shows  that  salt^  in  solution 
retard  and  prevent  germination  in  all  cases  but  that  there  is 
a  wide  difference  in  the  extent  of  the  deleterious  effects  of 
alkah*  on  different  crops. 

THE  GERMINATION   OP  IVHEAT   AND  RYE   IN   SALT  SOLUTIONS. 

To  determine  what  kinds  of  alkali  and  in  what  amounts 
were  most  deleterious  a  germination  experiment  was  car- 
ried out  by  Mr.  Fairfield  under  the  direction  of  Prof.  Buffum, 
the  details  of  which  are  given  in  another  part  of  this  report. 
To  Rhow  in  how  far  osmotic  pressure  was  a  factor  in  retard- 
ing germination,  Table  IX  has  been  *drawn  up,  giving  the 
number  of  seeds  of  wheat  and  rye  germinated  out  of  fifty  in 
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Table  IX. — Effect  of  Salt  Solutions  on  the  Germination 

of  Wheat  and  Rye, 


Solution  of 


Pure  water 


Sugar 

Maf!:nesiuin  Sulphate 
Sodium  Sulphate  .    . 
Sodium  Carbon'»te  . 
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two  and  three  days  in  comparison  with  the  osmotic  pressure 
tending!:  to  prevent  the  necessary  preliminary  absorption 
of  water.      The  results  are  very  irregular,  partly  on  ac- 


Alkali  Studies^  IV. 


23 


\ 


^ 


count  of  individual  peculiarities  of  the  seeds  and  partly 
because  concentration  of  the  solutions  in  contact  with 
the  seeds  could  not  be  as  accurately  maintained  as 
in  the  other  experiments.  In  most  cases  the  num- 
ber germinated  in  two  or  three  days  is  in  inverse  or- 
der to  the  osmotic  pressure.  ,  At  the  end  of  five  or 
ten  days,  as  may  be  seen  from  the  complete  tables,  how- 
ever, there  is  little  difference  noticeable,  showing  that  in 
dilute  solutions  the  alkali  retards  but  does  not  prevent  ger- 
mination.  Stronger  solutions  prevent  the  germination  of 
many  of  the  seeds  altogether.  Sodium  carbonate  in  very 
dilute  solutions  seems  to  stimulate  germination,  in  stronger 
solutions  it  destroys  the  seed.  Rye  is  not  so  much  affected 
by  alkali  as  wheat.  Five  atmospheres  osmotic  pressure  by 
whatever  salt  it  may  be  produced  interferes  seriously  with 
the  germination  of  wheat  during  the  first  three  days  and 
ten  atmospheres  prevents  it  almost  entirely.  Ten  and  fifteen 
atmospheres  pressure  produce  a  corresponding  effect  on 
rye. 

ANAI.TSE8  OF  WYOMIKO   AT.KAT.T. 

Several  analyses  of  alkali  from  various  parts  of  the 
state  that  have  not  previously  been  reported  are  given  in 
Table  X.  The  samples  are  in  most  cases  simply  the  white 
deposit  on  the  ground  to  the  depth  of  an  inch  or  two,  so  the 

Table  X. — Analyses  of  Wyoming  Alkali, 


No. 


Place  and  Date. 


1  Two  miles  west  of  Lander,  June  *%\  .   .   . 

2  Wind  fUver  Board  School  Garden.  June  '07 
BePe  Springs,  15  miles  north  of  Rawlins,  June  '07 
21  miles  north-west  of  Rawlins,  June  '97 
Buffalo  school  grounds,  '96 
Bitter  Creek  bed.  June  '97  . 
Pomt  of  Rocks,  near  Bitter  Creek,  June  '97 

9  Oreoda  Buttes,  September  '97 

10  Dry  pond  near  Graoger,  June  '97 
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percentage  of  alkali  in  the  soil  as  given  does  not  mean  any- 
thing very  definite. 

In  reporting  these  analyses,  caJcinm  sulphate  has  been 
excluded  for  the  following  reasons:  First,  it  is  never  injur- 
ious and  even  a  saturated  solution  of  it  is  probably  benefi- 
cial. Second,  the  amount  of  calcium  sulphate  reported  as 
alkali  depends  merely  on  the  method  of  extraction.  In  all 
parts  of  the  state,  except  in  the  carbonate  region,  the  soil 
contains  a  large  amount  of  gypsum  and  if  the  soluble  salts 
are  extracted  by  percolation,  one  may  continue  to  dissolve 
it  indefinitely.  If  the  other  method  is  used,  of  shaking  up^ 
say  one  hundred  grams  of  soil  in  two  hundred  cubic  centi- 
meters of  and  filtering  a  portion  for  analysis,  the  amount  of 
calcium  sulphate  obtained  is  still  dependent  on  the  propor- 
tions of  soil  and  water.  There  should  be  an  ofiScial  defini- 
tion and  method  of  extraction  for  alkali  adopted  by  the  As- 
sociation of  Official  Agricultural  Chemists.  As  it  is  now 
there  are  so  many  ways  of  reporting  soluble  salts,  that  com- 
parison of  published  analyses  is  very  difficult.  In  the  an- 
alyses here  given  calcium  sulphate  has  been  determined, 
subtracted,  and  the  result  recalculated  on  the  basis  of  true 
soluble  salts. 

DISOVSSIOir  OF  RESUIiTS. 

The  temptation  to  theorize  from  these  incomplete  re- 
sults could  not  be  entirely  resisted,  but  speculation  has 
been  confined  to  the  following  paragraph:  That  water 
should  be  absorbed  by  a  seed  or  plant  from  a  solution  of- 
fering a  great  opposing  osmotic  pressure  is  not  surprising 
when  we  consider  the  enormous  forces  concerned  in  imbi- 
bition. The  wetting  of  blocks  of  wood  is  used  for  splitting 
granite  rocks  and  raising  buildings.  Internal  osmotic  pres- 
sures of  living  plant  cells  has  been  measured  to  twenty  at- 
mospheres.* 

That  the  forces  concerned  in  the  absorption  of  water 

♦Noll:    Lehrbuch  der  Botanlk  fur  Hochschulen,  p.  139. 
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and  salts  by  the  seed  and  probably  by  the  plant  roots  are 
physical  or  chemical  rather  than  physiological*  is  evident, 
but  it  is  not  yet  known  exactly  what  they  are.  The  fact 
that  the  salts,  absorbed  from  soil  solutions  are  not  always 
the  same  as  those  reported  by  chemical  analysis  to  be  in 
the  solntion,  was  a  source  of  great  perplexity  to  the  older 
botanists,  who  were  obliged,  to  ascribe  very  remarkable 
selective  powers  to  the  root  hairs.  According  to  the  modern 
theory  of  solutions  this  offers  no  diflBculty  since  it  is  known 
that  salts  do  not  exist  as  such  in  solutions  but  in  their  ionic 
form.  The  experiments  here  given  indicate  some  relation 
between  the  diffusibility  of  salts  and  their  absorption  by 
seeds.  If  further  experiment  shows  this  to  be  general  an<f 
applicable  aJso  to  roots  it  would  apparently  give  foundation 
for  a  theory  of  the  selective  absorption  of  salts  by  plants. 
Potassium  for  example  has  a  migration  velocity  of  59.7  com- 
pared to  41.1  for  sodium,  which  may  account  for  potassium 
being  taken  up  by  the  plant  in  preference  to  sodium,  regard- 
less of  their  original  proportions  in  the  soil.  It  has  long 
been  known  but  never  explained,  that  the  presence  of  non- 
nutritive  salts  in  the  soil  influences  to  the  marked  degree 
the  absorption  of  plant  food.  Now  it  is  found  that  the  dif- 
fusibility of  a  salt  is  different  when  mixed  with  other  salts 
from  what  it  is  when  alone.  When  two  salts  are  in  solution 
together  the  more  rapid  is  accelerated  and  the  slower  is  re- 
tarded, both  absolutely  and  relatively.§  For  example:  The 
addition  of  gypsum  to  the  soil  would  therefore  increase  the 
amount  of  potassium  diffused  into  a  plant,  a  result  which 
is  in  accordance  with  fertilizer  practice  and  suggests  the 
possibility  that  a  rational  system  in  the  use  of  fertilizers 
may  eventually  replace  the  present  empiricism.    It  would 

be  easy  to  calculate  exactly  what  salts  added  to  a  soil  solu- 

.  ■ 

•The  word  physiological  Is  used  here  in  its  customary  sense  to  in- 
clude phenomena  or  life  not  otherwise  classified.  It  is  a  euphemism  for 
Ignorance  like  the  word  chance  In  physics  and  fate  In  metaphysics. 

SOstwald:    Lehrbuch  der  allg.  Chemle,  I,  696. 
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tion  wonld  produce  the  greatest  acceleration  to  the  nutri- 
tious elements  and  retard  the  deleterious.  Selction  absorp- 
tion of  salts  is  of  course  not  a  prox>ert.y  of  living  matter 
alone.  Charcoal,  soil,  sand  or  filter  paper  will  absorb  certain 
salts  from  a  solution  and  leave  others  or  even  take  out  the 
basic  party  of  a  salt,  leaving  the  solution  acid.*  Ionic  migra- 
tion velocities  and  absorption  will  certainly  go  far  toward 
explaining  the  phenomena  of  plant  nutrition.  If  the  positive 
ions  dififuse  into  the  plant  more  rapidly  than  the*  negative 
ions,  there  would  be  a  difference  of  electrical  potential,  and 
the  soil  solution  around  the  roots  would  become  acid.  Both 
these  phenomena  have  been  observed,  but  it  has  been  sup- 
posed that  the  root  hair  ^'excreted"  the  acid  which  is  able 
to  decompose  granite  fragments.  It  would  seem  a  possible 
hypothf^sis  that  this  acid,  which  is  equivalent  to  hydro- 
chloric acid  of  1.115  specific  gravity,  might  be  produced  by 
the  acid  radicles  left  behind  in  the  soil  when  the  positive 
ions  entered  the  plant. 

A  difficult^'  in  the  way  of  the  study  of  the  effects  of 
salts  in  solution  on  plants  and  seeds  that  will  probably  pre- 
vent any  exact  numerical  relations  being  established  be- 
tween the  concentration,  the  solution  and  the  imbibition  of 
water,  is  that  owing  to  absorption  the  concentration  of  the 
solution  on  the  surface  of  seeds,  roots  and  soil  grains  is  not 
the  same  as  that  of  the  free  solution.  Ko  method  for  de- 
termining the  correction  to  be  applied  for  this  is  at  present 
known. 

So  much  attention  has  been  given  to  injurious  effects  of 
alkali  that  it  has  generally  been  ov(Tlooked  that  the  abun- 
dance of  soluble  salts  in  the  soil  is  of  benefit  in  several  ways 
to  plants  that  can  stand  it.  There  is  always  more  water  in 
alkali  soils  than  in  other,  partly  because  it  lessens  evapora- 
tion. The  evaporation  from  a  16.16  percent  solution  of  com- 
mon salt  calculated  from  the  vapor  pressure  is  eight  percent 

♦Ostwald  I,  1094. 
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less  than  from  pure  water.*  Whether  the  same  ratio  holds 
for  the  evaporation  from  soil  wet  with  pure  water  and  with 
salt  solutions  is  not  known.  Plants  growing  in  alkali  land 
have  a  large  amount  of  salts  in  their  sap.  This  helps  the 
plant  to  acquire  water  from  the  soil  by  increasing  the  in- 
ternal osmotic  pressure  and  also  to  preserve  its  water  byi 
lessening  transpiration.  It  would  seem  better  policy  to  try 
to  grow  agricultural  plants  that  can  endure  and  use  the 
alkali  as  some  weeds  can,  rather  than  to  attempt  to  elim- 
inate it  from  the  soil.  Experiments  have  proved  that  it  is 
possible  to  accustom  certain  of  the  lower  plants  and 
animals  to  different  osmotic  pressure  of  the  surrounding 
medium.§  It  is  possible  that  something  could  be  done  with 
useful  plants  in  the  way  of  acclimatizing  them  to  the  arid 
region  either  by  selection  or  development. 

FUTUIIE  WORK. 

A  number  of  experiments  have  been  carried  out  on  the 
growth  of  plants  in  salt  solutions  on  the  same  lines  as  those 
on  imbibition  and  germination  but  will  be  continued  another 
year  before  publication.  More  work  will  also  be  done  in 
the  absorption  of  water  and  salts  by  seeds  and  plants  to 
test  the  theories  here  suggested,  particularly  in  regard  to 
ionic  velocities  and  the  efifect  of  solutions  of  mixed  salts. 
Analyses  of  plants  immune  to  the  bad  effects  of  alkali  are 
being  made  in  connection  with  the  study  of  the  botanist  of 
the  station  on  their  structure.  When  the  cause  of  immunity 
is  more  thoroughly  understood,  experiments  on  the  ac- 
climination  of  useful  plants  to  the  conditions  of  the  arid 
region  will  be  conducted  in  a  more  extensive  and  systematic 
way  than  is  being  done  here  at  present.  Experiments  on 
evaporation  from  solutions,  from  soils  containing  alkali 
and  from  plants  in  such  soils  are  now  under  way.    There  is 

•Nemst:    Theoretical  Chemistry,  p.  226. 

SThe  best  resume  of  the  work  done  on  the  relation  of  osmotic  pres- 
sure to  plant  life  is  found  In  Davenport;  Experimental  Morphology, 
Vols.  I  and  II. 
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much  need  of  light  on  the  subject  of  the  effect  of  soil  salts 
on  transpiration.* 

The  above  statement  of  the  work  we  are  undertaking 
is  published  for  the  purpose  of  putting  us  in  communication 
with  other  stations  working  on  the  same  problems.  The 
possible  lines  of  investigation  are  so  much  more  numerous 
than  the  workers  that  it  is  a  great  pity  the  labor  should 
be  wasted  in  duplication  because  of  lack  of  cooperation. 

SITMMABT. 

Experiments  on  the  imbibition  of  water  by  a  large  num- 
ber of  different  kinds  of  seeds  show  that  in  all  cases  the 
presence  of  salts  in  solution  hinders  the  absorption  of  water. 
Isosmotic  solutions  produce  nearly  the  same  effect,  show* 
ing  that  the  osmotic  pressure  is  more  important  than  the 
kind  of  salt.  Retardation  of  imbibition  does  not  increase 
proportionally  with  the  osomotic  pressure  or  with  the  con- 
centration of  the  solution,  but  less  rapidly.  An  osmotic 
pressure  of  five  or  ten  atmospheres  retards  the  imbibition 
of  water  to  a  considerable  extent  with  all  seeds  and  in  dilute 
solutions  a  difference  of  one  atmosphere  makes  a  percepti- 
ble difference  in  most  cases.  Salts  are  absorbed  from  solu- 
tion by  seeds  but  not  in  the  proportion  in  which  they  exist 
in  the  water.  The  accumulation  of  salt  in  the  seed  is 
gradual,  so  the  osmotic  pressure  of  the  solution  in  the  seed 
tends  to  approach  that  outside.  That  the  imbibition  of 
water  is  not  due  to  the  action  of  life  is  shown  by  the  fact 
that  similar  results  are  obtained  from  living  and  dead  seeds 
and  dry  wood.  Dilute  solutions  of  the  common  alkali  salts 
do  not  poison  the  seed  or  prevent  its  germination  when  the 
conditions  become  more  favorable.  Different  salts  are  ab- 
sorbed from  solutions  in  proportion  to  their  diflfusibility. 
The  percent  of  water  imbibed  by  seeds  in  distilled  water  be- 
fore their  germination  is  as  follows:    Corn  106,  sunflower 

•Maxwell's  results  (American  Cheno.  Journal,  XX,  469)  are  In  direct 
contradiction  to  the  statements  In  the  text  books. 
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137,  peas  120,  buckwheat  66,  rape  57,  seirpus  33,  wheat  62. 
The  germination  of  seeds  in  various  salt  solutions  gives  re- 
sults similar  to  those  on  the  imbibition  of  water.  Wyoming 
alkali  consists  principally  of  sodium  sulphate,  sodium 
chloride  and  magnesium  sulphate  in  varying  proportions, 
but  in  some  parts  of  the  state  the  magnesium  sulphate  is 
replaced  by  sodium  carbonate. 
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METEOROLOGICAL  REPORT 

r 


FOR  THE  YEAR- 


Beginning  January  7,  and  Ending  December  31 ,  1898 


BY  C.  B.  RIDGAWAY. 


Meteorological  Report  For  1898. 


The  work  of  the  meteorological  department  has  been  a 
continuation  of  that  of  previous  years.  Observations  upon 
atmospheric  conditions  and  soil  temperature  at  various 
depths  have  been  taken  twice  daily,  at  7  a.  m.  and  7  p.  m. 

The  observations  have  been  reported  monthly  to  the 
United  States  Weather  Bureau  at  Washington,  and  to  the 
Wyoming  Hei'tion  at  Cheyenne.  Wei  kly  climate  and  crop 
reports  have  also  been  sent  to  the  Cheyenne  office. 

The  latitude  of  the  Station  is  41^  1<S'  37.09"  North,  and 
the  longitude  105°  34'  53.75''  West  from  Greenwich.  The 
altitude  of  the  standard  barometer  is  7,191  feet. 

The  equipment  of  the  Station  for  met^orol:.g*.cal  ob 
servations  consists  of  the  following:  A  quadruple  register, 
with  two  automatic  pens  for  registering  the  velocity  and  di- 
rection of  the  wind;  a  Draper's  self-recording  Iheruiomc- 
ter;  a  standard  mercurial  barometer;  one  Richard's  self 
registering  aneroid  barometer;  a  sling  ])sychrometer;  six 
soil  thermometers  at  dififerei  t  depths  in  the  ground;  a  maxi- 
mum and  a  minimum  self-register'ng  thermometer;  a  hook- 
gauge  and  eva];oration  tank;  a  standarJ  eight-inch  ra'u 
gauge;  a  maximum  and  a  minimum  self-registering  ?olar  ra- 
diation thermometer. 


Summarv. 


Highest  temjjcrature,  88,  June  :!0  and  July  2G. 
T.owest  temi)erature,  — 23.  Januarv  26. 
Mean  temjicrature  for  the  year,  38.3. 
Greatest  daily  range  of  temperature,  57,  June  29. 
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Lowest  daily  range,  3,  February  22. 

y.enn  daily  range  of  tenijierature  for  the  year,  26.4. 

Mean  relative  humidity  for  the  vear,  57.6. 

Lowe»t  relative  humidity,  13,  July  26  and  September  19. 

Highest  dew  point,  58,  July  10. 

Lowest  dew  point,  — 21,  December  9. 

Mean  dew  pK)int  for  the  year,  23.8. 

Greatest  terre^strial  radiation,  12,  Jure  11. 

Mean  terrestrial  radiation  for  the  year,  3.9. 

Highest  barometer,  23.408. 

Lowest  barometer,  22.47. 

Mean  barometer  for  the  year,  23.020. 

Highest  monthly  precipitation,  1.K8  in.,  in  June. 

Lowest  monthly  precipitation,  traces  in  Septt  mber. 

Highest  precipitation  during  any  single  storm,  .55  in., 
August  4. 

Total  precipitation:  1891,  13.92  in.;  1892,  12.73  in.; 
1H9.3,  3.84  in.;  1894,  7.63  in.;  1895,  11.15  in.;  1896,  10.75  in.; 
1897,  11.99  in.;  1898,  7.63  in. 

Mean  pree'ipitation  for  eight  years,  9.95  in. 

Evaporation,  41.40  inches,  from  April  15  to  October  15. 

Greatest  monthly  evaporation,  10.33  inches  in  Jun:\ 

Mean  soil  temperatures:  *^  in.,  42.3;  6  in.,  44.3;  12  in.. 
44.0;  24  in.,  44.8;  36  in.,  45.3;  72  in.,  44.5. 

Prevailing  direction  of  the  wind,  southwest. 

Greatc^gt  velocity  of  wind,  60  miles  per  hour. 

Total  number  of  miles  traveled  bv  wind  during  the  vea^* 
(351  days),  99,571.* 

Greatest  number  of  miles  travekMi  in  one  month,  11,118, 
in  March. 

Lowest  nun)ber  of  miles  traveled  in  one  month,  4  854, 
in  August. 

Average  number  of  miles  for  each  month.  8.297.6. 

Greatest  number  of  miles  in  one  day,  700,  October  3. 

Least  number  of  miles  in  one  day,  24,  August  17. 

Mean  dailv  distance  traveled,  283.7. 

Mean  hourly  distance  traveled,  11.8. 


•While  the  Instrument  tower  was  boins:  moved  farther  back  from 
the  buiuilngrs.  and  f*t  ot^r^r  Hmef^,  the  wlncT  record  was  incomplete.  If 
we  multiply  283.7  miles,  the  dally  average,  by  365,  the  number  of  days  in  a 
year,  it  will  give  103,505  miles,  which  is  very  near  the  correct  number  or' 
miles  for  the  year. 


Wyoming  Experiment  Station, 


31 


S255a{9!SS53353^5S2!S'-8gJSgi2g$SS9^a^???§^8S5 


^ 


ex 

s 

I- 


td 

SQ 

< 


e 


I I 

I       r 


I    S 


X 


.S 


I 


S;j^595SS§52s^85;55SS?SSS^sS$^si§i;g55$§fe2!^ 


s 

d 


JS^^55SS§^3SSJ55^lc^S^Sr,?5S'*'*TS1^5Sg§3S^S 


t  e* 


> 

< 
w 


«  e 


1     ^ 


w 


22^?JS^??53?S2S8S5^2SSj«Si::SgS£2ri?*S55Jg 


6 
% 


««-S:J:;t:S5S?52^«3*«^?3l5^''^£2*5l:;^^2f^N^S 


3 


•J 


c 


o 


X 

tt 


^^??$$^^:|:S^?S^?SS?S9^^V;s^'^g$^$^:$$ 


6 


r,««2S?SS^g5?iSJSS$S8JSfeJ55£2:2S5S2gSSS?ISSo 


O 


a  I 


n 


B 
ei 
I- 


'^ss^sssas-^^aissrSiS^s^sgg^^^Hgssss 


X 


< 


:?&  I  i5.;?c5^?5S5i5$5^35g?Sa2;S5SSc522g2'^2«5;5^=:2:    s 


I       I 


*-;;jS8j???jg^8gjs;::2;:5223®s*'«;5s«*=>7g|gS^$:;  § 


I- 

o 


I        I 


6 


sj^s^ssgis^^JS^f^-^YS^^f^f^-f^^SRsa^s^a 


s 


ee 


I 


g    I  aS»??55Sa65RV;«£S;S25feS!SaS<-»2SS5!S3S 


i 

i 


o 
8 


V 


2 

i 

s 

3 


3 

?»  he 


s 

d 


2^85SS?SS?SgS§52::3«2£t;222S«gi:;^»t£J352i5c58 


J) 


«   I 


1-t  —  kft'^-HCO'T'JiftiJTOaCi.'t 


fS'«Sg2  i| 


w 


Q 


—  oiro'^ifl®i-3COiO  —  c^cO'«»»o«ffi>-xoQr< 


SSiJJSSSSS^sSS^w 


B 

s 

en 


B 
(9 


Meteorological  Report  for  1898. 


^'i !  .«isss^^s^ss^$^^$s^s§g$s^$^9ssig?j9$c;;s! 


I 


CO 


2    ■  .2  '31 


S    i 


! 


9> 

• 


K    !  j!:g32g;?5338SJS3S8Sf2f5S2J5l«32^i^5SgS«c28 


i   !  SS^^^lSS^:S:S^^3$!^Sl9SSgS!23@8SSi3i3Si?3 


a 


S 


SS9Si^^^S^S§^S^:SgSS3£38S3^3&S^iSS^ 


X 


.«t50,»i5^sggj^^^g5-g^«»g2g5«g5^-^«5c^acg5i3SI 


e 


^?iMra«M5^'*"*«?^S5'*^§'*5^5*J<i«^-*K"»'S»ft«ft 


I        I 


;Si3S?s3£9S^»ii$;;s^-t;i$?;3^.^;sri?<?^^^:;.'^$y^^$ 


o 


$i^s^Ks^%'s:xss§s3ioS:g$!S$^^^rsss»n;ss€S^ 


CO 


00 


a 
< 


SSSwc3»5sS'^S'^'^'*'*'^'*S'*^'^S«w'^55'^S'^»ft»okS 


)!SS?l$^3^i3^3%^:S$S^$^^:;i$$$25&;$^$$$^$:S   S 


i 


CO 


8$ 


2 


S$;;^3$^^^sS9^%9:cS:SK3^^^^S7^^s»%^$^ 


I     I 


5 


I  • 


< 


^3S$^S^^:i^SS^5lDi::8:SSSg4S:Hs?S;S!«;Si^i$    |  ^  I 


(      1 


6 
6. 


f^^n&^^n^^^^\i^^Z^^^^^^Z^^l^un':?.'^^ 


c> 


B 


^^^^^oi7^^^^^1^!^'^^^^'^'^^^^^?i^^,^^'^pi 


^ 


Q 


Wyoming  Experiment  Station. 


I 


•a 

a 
c 

c 
o 

U 


Cil 
C/3 


(«  e 

«5 


SS8^SJ5feJ«e2S^55ffi^5feSS5SS?J5§:?!g^;5?;5 


=    ssst8S2s?Jsi55feS35j(!?fr:;^ss§5^si?iSas:?5SJS5§ 


s 

^ 

s 

n 

rs 

5 

a 

fi 

•-« 

•• 

a 


5  ,'rf 


K 

es 


1^   . 


.  I  -  r- 


l>.     I 


s 


5SSjS3JS?5il2=;^SgS?55«i;s:J^:•:$3•$»c;»-t;5=?     .^.   •--• 


J^  w^ 


O 
< 


|«  1 5^s?s«a^§ass(S!?S5^r.^sa?g5j'::55;55:;5;5?i':?;?r, ;  ^  ' ; 


o^ 


g     3aSi^5&9SSSS-3SJSSg33gS5ii:'S^35S;B^l?  '  ."^  I  ^- 


C-.       M 


C 


f_     1 


«c-xx;tf(o5t>.Ui-i>.3CX'Cxc-.P.a:a;icxt-i-xV:«xxooJ(;(-  It'  I     ■ 

'  -*•    I  X 


,    X 


I 


r-      » i:      « 


S 


IflS«sS^S«j:«»H3»rfSS«trft.':irf«n3SS«:rrsl!<3SfflSSi 


-r 


c«  C 

o  «  : 


j;5J5S22^?JUi:55;Ul::e5^?55?i^v^??S?>;5????^^g;i^S«ii;S  V^\y- 


I  ?» 


Rg3?£SSS9?ISS5? !??  55552?^?;  i^i;^§5S?35;; :;:;:; 


CI  .  -J 

I I 


I        <        I 


X 

a 


I- 


t^^dl-Xt-t- XI*  X  X  Xf-X  X  X  Xl-t'.l^t-X  XXt-XOOX  3!lt-»^»       -> 

—       X 

I  CI     l- 


_l_       I 


•  O       ST 

•  CI    1    O 


:;?j5:5gS3'533g2?3i5^S.?i535§:?.5^'gSi^».7<3S5i&3  I  ^  :  •'■ 


a  ,3 


X 


c 


Mcieorological  Report  ^or  1898. 


t 


\ 


\ 


i 


-as 


o 


^ 


•ftifl 


0 1*  K5  ".1  O       >fl       »ft  tff  •"  »ft  ift  ""t  "ft  »ft       ct  •?;  Wt       W5 


SI  '   i 


5l 


C4 


rt      I 


^ 


J: 


3 


c 
c 

u 


I   I 


%  13 


-^  111' 


•ft 


M3 


o 


> 

o 
z 


>.f.  : 


c 


»ftl2  —  —  »S*"S'— ■-'^~•'>^25x-^-t••«ato^;^oox•«^otQcr^;'^»7^ 


12 


c» 


-N 
W 


^»ftU»<t'«'Ss?»-^rfd'i?ISr5^rt«'^»ft5-«?>ViwS""?fe^*cl 


^ 


i 


!     E 


?l«i8?5S^:;^2'^2»t^*r.5?;5{5?t;?-'l52,'2222?J^gi^ 


J    < 


«0 


1    a: 

'     33 

■  o 


SS^5i5S?ii;5^4;J5^5:^ic;viw?l2g«;$?;^^i$g5i! 


•ft 


S^S§?^V;^?5^;5?Sfe2SI5;32SS2'^2^J??;2^1g?52S^  I  a  h 


X       :0 


5      3g55^SiS3eSS355S^^rt^;;!^lS«;8:;C:;^5g5i;^§    r    =: 


•ft 


o 
& 

E 
I- 


2     XJ 


i     ,  —  e»  n  -+ 1*  :3 1'.  X  e  o  —  c^»  rs  -^  «ft  ;s  I-  X  c;  -  —  71  r^  -^  »*  IT 

i    i^ 


o  —  -r*  rs  "^ «ft  ;s I-  X  c;  ^  —  II .~:  1"  »*  :r  t-  T  ci  s  —  I   ?       ^ 

I  Xi   '  ^- 


8 


Wyoming  Experiment  Station. 


a 
^ 


5 


s: 


< 


■*"^e»*-i'* 


13 
« 

2^ 


■^cio     ^■^»««w»'«»<e«wr5  — 1-« •*  —  •<<•  CI r* reprice *«r;0"«»>  1-1         —  !  x 


S5aS^SlSS5g5S??S^g?t5:S*«5^?SSU§SS5?S^g^§ 


o 


SSJ^^SaS^««.^5g§55^S?5JISIS^5gSSSSa-¥s^:;?5S5 


I 


n 


ct  i-»  a»a»ci  o  « t^  X  lA  »)  If:  ■<«•  ;£  f  to '^  ts  9)  t*  rs -^  n '<«•  K  N  e  ■<«• 


cc 

-< 


««^o«x^^g2gr5g555--t,-.-^-g^^.g-g^2c^jg 


J?1 


•a. 


?i  ! 


*i 


a 


X 

u 


rotftWMfS'^rS'^'^focjciTi     *^s£     kft>Ae4-<»i-«*^oo9o     t-^wcc©« 


s 


» 


•  u 


e 

ii 


SS2?i^S2SSS22'=SSS22S2i:;«SS^28^S2^**a 


t'- 


< 


0< 


-ow^©»»ftO«r5r*c^^«C"*«     e^70-«fco'«t<?7r^tAr;-<f>^r^^» 


2;S3S5S2SS®72«§5gS"*«;:'«S2^®SS3S 


a 

•  art 


o 

a 

^■M 

^^ 

CO 

R 

» 

CO 

« 

«SS532S5S5riSJ^'-'=2«2siS5"*:3*J::  55^^251  ;5i;;j 


CO 


> 

< 
< 


rt 


-<«•  <«<  «0 '<9<  CO  oecO  M '^  »  CO  e<l  ^  C4  CO  9)  ^  79  Ol  ^  kC  i-« '^ '^  ^ '^  O  P)  iv  lA  o 


•-^    ,    CO 


s 


04 


c 

is 


24^c^*;:;a$?IS5S5I2^-7'^«®S*Y"®TT**''*'^^^^*^^ 


1  I 


s 


•'j«a 


iHMco«>*»«?o«^x«io-^c>»ec-^i«^i-xoso-^I'i; 


^c^i^&lc^'el^^^^SSfS 


c 

2 

s 

I 


Mcieorological  Rvpoii  for  1898. 


0 


I 


f 


ao 


-3 
PC 


;3r5»ri«t'.rs»;?t-ai': -5     » -^ooic -»?»»-: —it -fcj-t-rtif^  rr     i-i:t     2i 


.  w  I  —  t:TO>pO«;S  rtcs»i«©  ^rtXrtMt  recto  ?>»tr»«ft  X'>>>.^  xcitJ 


1     j  : 


I     I 


£;S«^YS'f'=j'llS='-*''2i^'-"— ^^-'^a:: 


5 

M 

I 


J- 


r» 


i;??ii5;i?i??^^;>2i5J;5iasi:;::i:j^«j:^-2ai;j?it:^>=rt3r>; 


35 


h  V 


S!5«aS2S5f?^«2l:;a^c>i?i5j>3^s?i?i:?2^;;sVlfir-c?i;5?j      *^ 


ig  '  c  j3s^s^rj??i5?5\a^fiirjs:-55^i5SS^ic^i«;?s:;55a^ 


I 


0£ 


•   • 

to 

g 

r 

X 

i§ 

0 

fe 

?» 

1 

ss 

-^  _ 

« 

t2  ;g: 


-J 


t3 


*♦  r;  •«  ut  rt  t*»ft;C  re  r^  ■*•*-*         •<• — 


'•'»''?  ^^^-^-^-r-r^-f-r^  ?j5 


is 


•ai«a 


f3|^S$43fii:?^5li*;2^$3^       5:^; 


•-«  M  r?  '♦  ift  ®  t'.  X  OS  o  ^  5>»  rt  -f  It « t^  X  ft  o  T-  ji  r;  -t  '-'t  5C  i-  X  Ji  S  -^ 


g 

OS 

§' 

X 

5 

- 

_ 

• 

s 

3 

s 

ning  Experhncitt  Slation. 


■  t     .  ._  .  .  I  s  I  . ! 


f  f  !;g^«Ut:g7E!gS{-^$:^Xu£S<t|:3SERx^i^  I  g  1 


|r"=^^|g|:; 


Sii^ir:t:s<':)eaS-$Stif:(-ir:3SRSXSSB3R^&i  |  S  I  S 


i*SiS[:l!;iR!^SE53!35r-Srr5i;:S5TSffSI3(«8  ;S 


aasstisssF;  ■ 


Mctcorohgical  R  port  for  1S!)8. 


I  I  S5SS\*J;ls85SiS3a3i53S3S3^SjijiS^S^     |  g  j  j: 


I- 


E I  aa3?i333ss?:g393?5S3^aiiSrt»a!;?sft!»r'. !  ^  I ; 


3     E  jt5i?T'£g35;;wi^S'::^i;=r-=Jiii*:;£3Sl-:?ir;S 


12 


Wyoming  Experiment  Station, 


'^^ 


5 

I 


•its 


•a 


■o 
V 


55 


.'^"^ 


> 


2 

c 

a. 


P      t^ 


^^  I     ^^ 

s  ■ 


^.^;5:sa2;5;SsSft'225;5!5ri^s::S?i?{?.s?iS;5S;=.^     i  ' "' 


I-  r  I        ' 


r^ 


>  i_t-  I 


r 


E   S3iS;2ii;5S^5:5SSgS^§S::;^^SS2V;?5^i^'«gSg5lS 


s 


• 

c 

t 

fi- 

1 

*> 

1 

MWM 

1 

tf. 

■    H 

1 

,    T. 

^« 

r- 

c 

,    r 

a 

> 

f-  1 

M5      »A       if!  tftm 


OMt     «;     »ft 


I        I 


J    g2^fc^gq:5;l;5^>::;-?l;«5S5^$^S:??9iSM4Si;^3  I  J 


-?  f^  ^ -n" -^  "^  * -^  j^  "S  ?*! -f  5  w  rt  5  5?  p?  «♦•  ^  jh  ^ -i*  ^SS5»3  e;  ^S?C5 


a 
« 


1     _:  "♦ 


C/3 

i      D 

< 


«  ! 


».0 


>•       c 

X     — r 


If;     ic  e?     Lt  »c  tt     »ft  If;  »s  irt  «c  Mt  »j;     «ft  u; »?;  »ft  o  »-t         w »;;  tft  w  »ft  ut 


1  »a^ 

<?> 

cc 

fc 

i^ 

^^ 

iSi?S35gi^.^ig35S?j^2?;;??i2$5;iS^Sfei2?fiVlSSSSS8   fe 


«': 


< 

£ 

-1 

u 

rt 

K 

t>-  1 

:i  oo-f  est- 1^  X  X  rt  w  35  » '.i  o  <<#  t^  id  c25 1-  ■«••  o  X  i-  6-  « t  "*  t-  cc  ft  i>.     g 


c^ 


2  IS 


c   I  if;  li;  »n  It  !«;  »fl  li;  «A      »ft      «;  ift      uc  iC 


•ft  W  iftift    I 


^  '5?;:j:q::?i5^2;Sli5:;?5«SS2t:;?§g2^K55^5?;$$5?;55g2^i?^  ^ 


a     S  |i;:;5^^4i;SSK§^.St(?:3:32??Sa^§^q:5^§SV;S^J?    § 


< 


^ 

I*    1 

(£ 

* 

a 

c 

C! 

, 

t-    1 

> 

C 

H 

« 

u 

a 

•^ 

^, 

E 

S 

. 

a: 

a 

> 

I-  1 

■^ 

< 

E 

^ 

» 

H 

<A 

X 

2    l§ 


I 


ut  »f?  lit      ift     ^r;  ut  I't  Hi      *fi  »0      »(!»;;»/;».';      «.'; »« »it  >?;  lo 


:;SS$S«?;f^^S^S^!S!^S^S^SSS399C!:3£$»!n£ 


I- 


ieS|:2$.:;n?^t5Jcl^at^^Si3SJ9^S2?§52S!S'«2S8-5^5«Sx 


1 


© 


'^cjri-tiftcit-xoiC—  C'»M'*»?;tf^t>'Xcfto^jirr-t:»i;»t* 


c—  C'tw* I?; :rt>.xcfto^ ;»£?-*«;» t^xcso-i  i    • 


s 
:/3 


c 
u 


Mrleoroloijical  Report  for  1898. 


g  .2a--'-]-'=£==f 


1 1" 


}  ^ ,. 


g  I « '=,  ."'«."^."'.«  , ,«  ,  ,■-    «... ,«  .  -■'.  1  e  i  -"^ 


SS::SSST;i:=2SR£=  ■  g  i «. 

fi-iss53gsssiga» !  *  j :; 


'SI"! 


u 


Wyoming  Experiment  Station. 


Table  IV.    IVeekfy  Means  of  Soil  Temperatures. 


DEPTH 


WEEK 
ENI)IN(;. 


January  7  .    . 
January  14..  . 
January  21   .    . 
January  28.    . 
February  4.  . 
February  11  . 
February  18  . 
February  25  . 
March  4  .    .    . 
March  U   .    . 
March  IH  .    .    . 
March  25.  .  . 
April  I  .   .    .  . 
April  H  .    .    .  . 
April  15  .    .    . 
April  22  .    .    . 
April  29  .    .    . 
May  6  .    .    .    . 
May  I:j  .    ... 
May  20  ...  . 
May  27  .    ... 
June3 .... 
June  10  .    .    .  . 
June  17  ...  . 
June  24 .    .    .  , 
July   1  .    .    .    . 
July  8  ,    .    .    . 
July  15.  .    .    . 
July  22.    .  .  . 
July  29  .    ... 
August  5  .    .  , 
August  12  .   . 
Aujjust  19  .    . 
August  26  .   . 
September  2  . 
September  9  . 
Sepleniber  16. 
September  %\. 
September  3U. 
October  7   .    . 
October  14  .  . 
October  21.    . 
( )ct<>ber  2x  .    . 
No\ ember  4  . 
November  11. 
November  18. 
November  25. 
DecemlicT  2  . 
December  9  . 
December  16. 
December  %\, 
December  30. 


Sumy 


Means 


AIR 
TEMP 


22.2 
15.1 
10.1 
10  0 
10.1 
SI. 9 

2;;  2 

25.0 
28.6 
26.6 

19.9 
21.5 
30.3 
.  42  4 
42  9 
44  2 
29.9 
45.8 
43.6 
51.2 
5.3. 7 
47.4 
58  1 
64.5 
&5  5 
62.9 
65  4 
65.1 
67.0 
57.8 
Ml 
*t.'.8 
61.7 
62.3 
46.6 

4:t.9 

55  1 
50.6 
37.7 
42,2 
25  1 
XJ.8 
31.6 

20  3 
19  5 
16.6 

21  1 
5.1 
7.6 

13.1 
IM  1 

1928  3 

37.1 


1 1 


3 

I.MCHES 


22  7 
20.0 
15.  H 
13.9 
23.1 
27.1 
27.6 
2d. 6 
:«.3 
32.4 
:{0.4 
28.9 
30.9 
;i5.7 
45.4 
46.1 
48.1 
:i8.6 
484 
'  44.4 
51.1 
56.6 
55.9 
58.9 
66.6 
69.6 
69.1 
70.4 
69.7 
69.9 
66.6 
64.3 
69.2 
67.8 
66.3 
56.0 
66.0 
58.7 
54.4 
44.2 
44.9 
X>.8 
35.0 
30.2 
31.6 
25  7 
25.  q 
24.4 
15  3 
11.3 
J6  7 
20.8 

2198.3 

42.3 


6 

INCHSS 


24  3 
22.8 
19.0 
16  2 
2:15 
27.8 
28  5 
2s.  0 

:«.9 

33.1 

32  1 

30  8 

32.9 

36.0 

44  9 

47.0 

49.9 

40.4 

49.4 

4.5  - 

51 

57 

56 

59  6 

67.6 

71.0 

70  5 
72.3 
71.1 

71  9 
70.8 
67.5 
71.5 
71.1 
67.5 
61.6 
59  2 
60.7 
5S.2 
49.7 
48.6 
40.7 
36  9 
:i8  5 
33.9 
27.4 
27.7 

•r>  3 

19.1 
14.4 

IS.  3 
20.9 

2:Mi5.0 

44  3 


12 

INCHED 


26.4 

2r.o 

22  6 

20.3 
U.X 
Ti.l 
2,s  7 
28.4 
:t»  4 
33.0 
32.2 
31.1 
32.6 
;i5.4 
41. 6 
40  9 
47.2 
42.1 
48.6 
47.3 
51.0 
5;>.9 
56.7 
58.5 

69.1 
70.1 
71  0 
70.8 
71  2 
69.1 
67  4 
70.6 
70.6 
6H.8 
a.  6 
.59.6 
60.9 
59  6 
52  4 
50  7 
45.9 
40.0 
40.6 
38.7 
32  5 
31.6 
2H.j» 

23.2 
19  1 
21.9 
2:i3 

2289.2     ! 


24 

3K 

1 

1 

t.NCHKS 

rNCffKS 

I.NCHE*- 

1 

29.1 

32.0 

:».3 

20.1 

31  8 

;t8.3 

2.5.8 

29.6 

:        37  4 

23.9 

27.8 

1      :>*.  I 

2.5.4 

27.3 

;i5.:t 

2S.1 

29.4 

3.5  •> 

29.2 

;«.3 

:i5.o 

29.8 

31  0 

;j5.o 

31.8 

y2.o 

35.0 

4l3  2 

3:j.8 

;t5.(» 

;r^.8 

34  0 

35  H 

32. 3 

3;i  8 

3<>.0 

32  6 

xi  6 

36.0 

34  9 

34  8 

:^j.(» 

39.6 

3S.3 

3(>,4 

44  5 

41.9 

37.6 

45  4 

43.1 

.39  I 

42.9 

4;j  5 

40  2 

45.8 

43.6 

41.0 

46.9 

4l$  1 

41.0 

48.7 

47.1 

42.0 

52.9 

49.7 

4:i4 

55.1 

52.3 

44  2 

56.1     1 

53.9 

40.2 

'        61.6 

57  9 

47  ♦> 

64.9 

60.9 

49  6 

6^.1 

62.7 

51.4 

66.9 

(VI.  8 

52  s 

66.9 

64.3 

53  9 

67.1 

64  4 

54  7 

67.3 

65.1 

55.3 

64.9 

6:1.5 

5i.O 

m  4 

64  2 

56  0 

66  9 

65  0 

5fi  O 

66.9 

tW.5 

56.6 

IB.O 

62.6 

.56  1 

58.1 

r>s.3 

55  4 

5S.4 

57  9 

54  9 

58.4 

58.0 

54  0 

54.1 

55.3 

53  6 

5(1.9 

52.4 

52.4 

48.2 

49.1 

51  0 

41.9 

45.1 

49.0 

41.2 

45.4 

47.7 

10.6 

42.8 

45.7 

•r>  3 

30.3 

45.4 

34.2 

:<7.8 

44  3 

»    '        31.7 

35.3 

42.  rt 

28. H 

SM 

41  0 

I        24.1 

29  2 

:«  1 

24.4 

*>s.0 

37.6 

•M  9 

27  7 

36.2 

44.0 


%K.^\\     I    2:153.3    I     2:il3.2 
44.8    I        45.3  44.5 
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Table  V\.  —  lVmif. 
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StLVBR    SPRUCE  ON  THE  GROUNDS  OP  EDWARD  IVINSON,  LARAIflB. 


Cultivated  Shade  and    Forest  Trees. 


B.   C.    HUFFUM. 


OuF  mountains  are  covered  with  vast  forests,  while 
our  plains  and  even  our  river  valleys  are  practically 
treeless.  Belts,  groves  and  scattering  specimens  of 
Cottonwood,  boxelder,  willow  and  alder  are  found  along 
our  streams  for  ten  or  twenty  miles  below  where  they 
leave  the  mountain  range  but  farther  down  trees  of 
any  kind  are  generally  absent  or  infrequent.  At  high 
altitudes  the  banks  of  the  smaller  streams  and  even 
A  those  of  the  large  rivers  where  they  course  through 
the  mountain  parks  and  valleys,  frequently  support 
no  tree  growth.  At  lower  altitudes  in  the  northern,  central 
and  eastern  portions  of  the  state  small  streams  are  often 
fringed  with  boxelder,  occasionally  a  green  ash  is  found 
and  here  and  there  a  varietv  of  bushes.  In  the  extreme 
north-eastern  part  of  the  state  there  are  some  good-sized  oak 
and  birch  trees.  That  there  are  no  trees  along  the  lower 
courses  of  our  streams  where  the  conditions  of  moisture  are 
favorable  has  often  been  remarked,  but  as  far  as  I  know 
has  not  been  explained.  Undoubtedly  the  protection  aiford- 
ed  by  the  mountains  favors  the  growth  of  trees  near  them, 
but  the  same  species  thrive  when  planted  upon  irrigated 
I  uplands  farther  away.    Small  willows  are  commonly  found 

^  the  whole  length  of  the  stream.    Our  observations  indicate 

that  cottonwoods  either  will  not  live  or  that  they  make  poor 
growth  upon  soils  which  contain  large  amounts  of  alkali 
salts.  Willows  which  rapidly  grow  into  trees  will  succeed 
better  than  any  other  species  on  alkali  ground.  The  absence 
of  trees  away  from  the  streams  is  easily  explained  by  the 
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lack  of  sufficient  moisture.  Sagebrush  is  found  almost 
everywhere  and  in  certain  localities  where  conditions  of 
moisture  and  exposure  favor  its  growth  it  actually  attains 
the  size  and  height  of  trees.  Ordinarily  it  remains  from  six 
inches  to  two  and  one-half  feet  high. 

It  is  not  our  purpose  here  to  discuss  the  native  forests  of 
pine  and  spruce  further  than  to  briefly  state  their  extent, 
the  danger  of  their  extinction,  and  the  necessity  of  their 
preservation.  It  is  estimated  that  approximately  one-sixth 
the  area  of  the  state,  or  about  10,000,000  acres  of  land  within 
our  borders,  is  covered  with  timber.  All  this  is  in 
the  mountain  regions  and  forms  great  natural  storage 
reservoirs  which  catch  the  snows  of  winter  and  hold 
them  till  late  spring  and  early  summer,  giving  a  steady 
supply  of  water  when  most  needed  to  irrigate  growing 
crops  in  the  valleys  and  on  the  plains  below.  Every 
year  fires  started,  either  accidentally  or  purposely,  bum  over 
thousands  of  acres  of  these  forests.  Irrigation  is  the  life 
of  our  agriculture,  and  its  future  welfare  in  this  state 
largely  depends  upon  the  proper  care  and  management 
of  the  native  forests.  In  addition  they  supply  native 
lumber  and  an  abundance  of  timber  for  buildings,  fences 
and  wood.  Although  we  have  these  great  mountain  forests, 
a  class  of  vegetation  greatly  needed  upon  our  irrigated 
farms  and  ranches  is  trees.  Man's  power  to  mitigate  the 
bad  effects  of  climate  and  sudden  changes  of  weather  upon 
himself  or  the  animals  and  plants  useful  to  him  is  constantly 
increasing.  He  can  overcome  effects  of  weather  in  various 
ways  but  his  ability  to  modify  climate  is  limited.  He  builds 
houses  and  barns  to  shelter  himself  and  his  domestic  ani- 
mals, and  glass  houses  in  which  to  grow  the  tender  plants. 
By  planting  trees,  he  provides  a  grateful  shelter  to  himself 
and  his  live  stock  and  provides  conditions  under  which  many 
plants  can  be  made  to  succeed,  which  would  not  otherwise 
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grow  at  all.  Shelter  belts  to  protect  animals  from  winds 
and  storms  are  invaluable  to  the  stockman.  Protection 
from  the  cold  saves  dollars  and  cents  in  the  value  of  the 
food  which  would  be  consumed  merely  to  keep  them  warm. 
Upon  large  ranches  where  there  is  more  stock  than  it  is 
possible  to  provide  buildings  for,  sufficient  shelter  belts 
often  prevent  heavy  losses  from  exposure  during  storms.  A 
good  tree  shelter  of  native  cottonwoods  is  shown  in  the  illus- 
tration which  was  made  from  a  photograph  taken  on  the 
Wyoming  Hereford  Ranch  east  of  Cheyenne.  We  repro- 
duce the  cut  through  the  courtesy  of  the  Secretary  of  State, 
C.  W.  Burdick. 

The  influence  of  trees  upon  the  growth  of  plants  has 
not  been  given  the  attention  and  thought  it  deserves.  In 
every  new  agricultural  region  of  the  west  old  timers  com- 
\  monly  remark  that  the  climate  has  changed.  Wlien  they 
trst  came  to  the  country  it  was  impossible  to  grow  many 
plants  which  now  flourish.  Apparently  the  meteorological 
records  do  not  bear  out  the  statement  that  there  has  been  a 
change  in  climate,  that  the  average  rain-fall  is  more  or  less 
or  that  the  temperature  is  higher  or  lower  than  for  a  series 
of  years  twenty  years  or  more  ago.  That  fruit  trees  or  any 
other  class  of  plants  easily  succeed  now  where  in  earlier 
times  they  generally  died,  is  well  known.  These  first  attempts 
were  made  in  exposed  places  where  the  winds  and  summer 
«uns  had  unchecked  access  to  their  tender  trunks  and 
branches.  It  is  true  that  manj'  tender  varieties  were  plant- 
ed, but  even  the  hardier  kinds  did  not  flourish.  As  the 
country  develops,  buildings  and  fences  are  constructed  and 
that  which  is  more  important,  windbreaks  of  hardy  trees  are 
planted  which  temper  the  winds,  shade  from  the  scorching 
sun,  prevent  rapid  loss  of  water  by  evaporation  and  make 
the  place  habitable  for  plants  which  could  not  live  there  be- 
fore. The  people  who  came  to  Denver  and  Northern  Colo- 
rado thirty  years  ago  at  first  despaired  of  growing  even  har- 
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dy  fruits  and  other  crops.  Now  enormous  quantities  of  fruits 
are  raised  and  where  sufficient  shelter  by  surrounding  hardy 
trees  is  furnished,  even  peaches  are  reaching  i)erfection. 

In  Wyoming  we  have  the  same  conditions,  and  that  our 
young  orchards  have  succumbed  to  sudden  severe  changes  in 
the  weather  should  not  discourage  the  planter.  There  can 
be  no  doubt  that  they  will  eventually  succeed. 

The  kind  of  plants  which  are  useful  to  man  have  been 
made  so  by  long  years  of  cultivation  and  care,  under  condi- 
tions essentially  different  from  ours.  Therefore  when  plant- 
ed here  they  must  be  giveA  such  care  and  shelter  as  will 
partially  meet  the  conditions  to  which  they  have  been  ac- 
customed. By  increasing  the  number  of  hardy  native  trees 
we  produce  the  best  wind-breaks.  When  enough  of  them 
are  growing  upon  every  farm  in  a  community  the  effect  upon 
plants  and  stock  is  virtually  the  same  as  moving  to  a  lower 
altitude  or  many  miles  to  the  south  and  the  difficulties  at 
first  experienced  in  raising  many  fruits  no  longer  exist.  With 
these  facts  in  mind  it  is  readily  seen  that  the  planter  of 
trees  is  a  public  benfactor,  not  only  of  his  own  time  but  of 
all  time  to  come. 

The  kinds  of  trees  to  plant  first  are  those  which  natu- 
rally grow  under  the  most  adverse  conditions.  After  these 
become  a  protection  more  tender  and  desirable  kinds  will 
succeed.  There  are  a  few  tree  claims  and  wind-breaks  out- 
side of  our  towns,  but  the  majority  of  our  farmers  have  given 
the  subject  little  attention. 

The  typical  Wyoming  ranch  is  everywhere  thought  of 
as  a  collection  of  low  buildings,  fences  and  hay  stacks,  with- 
out a  tree  in  sight.  Our  picture  is  of  such  a  ranch  near  the 
mouth  of  No  Wood  River  in  Big  Horn  County.  This  con- 
dition is  rapidly  changing,  however.  With  the  development 
of  the  irrigated  farm  these  temporary  ranches  are  being 
transformed  into  comfortable  homes.  In  rural  districts  as 
in  towns  the  first  plantings  are  for  shade  and  ornament  and 
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practically  all  the  trees  other  than  fruits  planted  in  Wyo- 
ming up  to  the  present  time  have  been  set  out  for  such 
porposes.  In  the  interest  of  improvement  and  better  taste 
we  would  discourage  the  usual  methods  pursued  in  so-called 
ornamental  planting.  Landscape  gardening  is  the  highest 
type  of  art  and  in  its  practice  he  who  imitates  nature  most 
closely  is  the  best  artist.  Nature  never  planted  her  land- 
scapes with  her  most  beautiful  figures  in  rows,  each  row 
equally  distant  from  its  neighbor,  the  figures  in  the  rows  set 
at  equal  distances  and  all  in  mathematical  exactness  with 
regard  to  every  feature  of  the  scene,  yet  how  often  is  this 
process  followed  out  in  the  attempt  to  decorate  home 
grounds.  Were  it  not  for  the  far  reaching  influence  of  such 
plantings  in  tem]>ering  the  winds  and  climate  and  that  trees 
anywhere  are  beautiful  in  contrast  to  the  usual  barrenness  of 
the  plain,  I  would  say  that  it  were  better  not  to  plant  at  all. 
I  would  not  discourage  rows  of  trees  along  our  streets  or 
fences,  ditches,  and  the  borders  of  orchards  and  gardens  for 
shelter  belts.  Here  they  become  a  part  of  the  general 
scheme,  are  useful,  beautiful,  in  place.  In  ornamenting  the 
home  grounds  let  every  yard  be  a  landscape  with  har- 
monious effect,  reflecting  the  artistic  taste  of  the  owner.  A 
natural  landscape  delights  us  because  there  is  variety,  ir- 
rt^gularity,  and  curved  lines  of  beauty  everywhere.  We  can 
only  improve  on  such  landscapes  by  adding  variety  while 
yet  preserving  harmony,  and  thus  securing  throughout  a 
sense  of  order,  unity  and  neatness.  In  planting  yards,  then, 
set  trees  and  shriibs  along  the  borders  with  well  designed 
spaces  to  give  the  effect  of  seclusion  in  one  part  and  of  open- 
ness and  distan(*e  in  another.  A  small  yard  can  be  made 
to  appear  spacious  by  proper  care  exercised  in  the  planting* 
Trees  or  objects  which  are  grotesque  or  striking  should 
never  be  put  in  prominent  places  as  in  the  center  or  fore- 
ground of  a  lawn.  In  such  localities  they  detract  from  the 
harmonv  of  the  whole,  bv  suddenlv  attracting  the  attention 
H3) 
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to  a  single  incongruous  object.  The  entirety  of  the  scene 
is  marred  or  lost.  By  keeping  these  simple  rules  in  mind 
every  planter  can  produce  effects  which  will  be  pleasing. 
There  is  the  greatest  opportunity  for  indivuality  and  chance 
to  secure  results  which  have  a  meaning  of  their  own.  With 
our  somewhat  limited  list  of  trees  which  succeed  in  unshel- 
tered places,  there  is  consequently  a  necessity  for  careful 
thought  and  study  to  secure  the  best  results  in  the  end. 


THE  PLANTING  AND  CARE  OF  TREES. 


^^o  much  has  been  written  on  this  subject  that  we  will 
only  try  to  indicate  that  which  seems  to  be  the  best  practice 
for  our  state. 

1.  In  taking  up  trees  get  plenty  of  roots.  Protect  the 
roots  to  keep  them  from  drying  out. 

2.  The  more  roots  the  better.  We  do  not  believe  in 
root  pruning. 

3.  A  transplanted  tree  should  be  set  in  the  ground  the 
same  depth  it  was  when  standing  in  the  nursery  or  forest 
before  it  was  taken  up,  and  no  deeper. 

4.  A  hole  should  be  dug  large  enough  to  accomodate 
all  the  roots  without  bending  or  breaking  them. 

5.  In  setting  trees  spread  the  roots  naturally.  Sift 
good  soil  in,  around  and  over  them,  pressing  it  down.  Then 
fill  the  whole  with  water.  After  the  water  has  seeped  away 
finish  filling  with  soil,  packing  firmly  around  the  trunk. 

6.  Moderately  prune  back  the  tops  of  deciduous  trees. 
<^utting  back  large  tree  trunks  when  transplanting  is  a  bad 
practice,  as  they  invariably  die  somewhat  below  the  cut,  be- 
coming unsightly,  and  from  this  nucleus  decay  is  very  apt  to 
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spread,  gradually  creeping  down  the  center  or  one  side  of 
the  main  trunk,  deforming  and  sometimes  eventually  killing 
the  tree.  Always  make  slanting  cuts  on  top  limbs  and  cover 
cuts  with  shellac  or  paint. 

7.  The  roots  of  evergreens  should  never  be  exposed  to 
the  air.  When  they  dry  out  the  resin  or  pitch  in  the  bark 
becomes  thick  and  water  will  never  again  thin  it. 

8.  After  the  tree  is  set  out  never  let  it  suffer  for  water. 
Cottonwoods  and  willows  need  a  continual  supply  but  will 
not  do  well  if  there  is  no  drainage. 

9.  Never  allow  sod  or  weeds  to  grow  immediately 
around  the  trunks  of  trees.  If  the  trees  are  planted  close  to- 
gether in  groves  or  belts  for  wind-breaks  the  sod  will  not 
trouble  around  the  bases. 

10.  In  pruning  trees  cut  out  all  dead  branches.  If  for 
Mind-breaks  or  shelter  allow  the  lower  limbs  to  grow.  In 
cutting  off  a  limb  or  branch  never  leave  a  stub  on  the  tree 
but  trim  it  smooth  with  the  trunk.  • 

11.  For  ornament  plant  trees  in  clumps  or  groves  in- 
stead of  rows.  For  shelter  plant  on  the  sides  from  which 
prevailing  winds  blow\  In  this  state  this  will  almost  invar- 
iably be  on  the  south  and  west.  For  general  utility  plant  in 
every  favorable  place  where  they  can  be  irrigated. 

12.  Use  judgment  in  feeding  trees  and  in  preventing 
insects  and  disease  from  feeding  upon  them. 


EXPERIMENTS  AND  OBSERVATIONS. 


In  1892  small  plats  were  set  aside  upon  the  Experi- 
ment Farms  at  Lander,  Laramie,  Saratoga,  Sheridan,  Sun- 
dance and  Wheatland  for  experiments  with  shade  and  forest 
trees.  In  no  ease  were  the  plats  protected  by  wind-breaks  or 
other  shelter,  though  the  farms  at  Sundance  and  at  Lauder 
were  favored  somewhat  by  being  near  the  surrounding 
mountains.  As  few  had  attempted  to  grow  trees  the  first 
object  was  to  determine  by  trial  what  kinds  would  surteed 
in  each  locality.  The  most  of  the  trees  set  out  rlie  first 
year  were  two  years  old,  though  some  seedlings  were  used. 
In  1895  seeds  of  a  number  of  varieties  were  planted.  The 
differences  of  altitude  with  accompanying  weather  changes 
and  the  conditions  of  climate  and  soil  have  produced  differ- 
ent results  in^each  part  of  the  state.  At  high  altitudes,  as 
upon  the  Laramie  Plains,  the  growing  season  is  comjiara- 
tively  short.  Sudden  frosts  in  the  fall  arrest  the  growth  of 
many  trees  before  they  have  ripened  their  wood.  Some  of 
.[  the  slow-growing  kinds,  as  the  hard-wood  trees,  fail  to  in- 

crease in  size  above  the  ground  because  each  season's  growth 
dies  back  to  the  original  stem  or  to  the  top  of  the  ground 
in  the  fall  or  winter.  This  has  occurred  year  after  year  upon 
the  ash,  elm,  and  honey  locust,  and  even  upon  the  willows 
where  given  no  protection  or  njoistuve  through  the  winter. 
This  is  well  illustrated  in  the  picture  of  white  ash  and  elm 
trees  showing  six  years'  growth  at  Laramie,  and  of  willows 
along  the  ditch  in  foreground  of  the  picture  showing  cotton- 
woods  and  willows  of  five  years'  growth  at  Laramie.  There 
are  two  white  ash  at  the  left  and  a  white  elm  at  the  right 
of  the  one  foot  rule.  These  trees  were  planted  upon  the  Ex- 
;  I  periment  Farm  when  seedlings  and  irrigated  each  summer. 

After  having  stood  six  years  they  were  taken  up  and  photo- 
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graphed.  A  good  root  development  has  been  made  for  the 
size  of  the  tops  but  the  small  whip  produced  each  summer 
dies  down  to  the  ground  the  following  winter.  As  the  al- 
titude decreases  or  more  protection  is  afforded  the  season's 
growth  increases  and  the  dying  back  in  the  winter  be- 
comes less  frequent.  In  a  protected  place  in  Cheyenne  a 
thousand  feet  lower  than  the  Laramie  Plains  we  have  a 
record  of  a  season's  growth  on  white  ash  of  nearly  three 
feet  while  only  a  few  of  the  top  limbs  died  in  the  winter. 
At  Wheatland,  two  thousand  five  hundred  feet  lower  than 
Laramie,  white  ash  made  a  growth  in  one  season  of  fifty 
inches  and  no  trouble  had  been  reported  of  even  the  top 
limbs  dying  back. 

The  cause  of  the  winter  killing  of  trees  and  shrubs,  as 
^  is  well  set  forth  in  Bulletin  No.  15  of  this  station  by  Pro- 
fessor Aven  Nelson,  is  the  drying  out  during  the  winter. 
Reasons  are  also  given  in  the  same  bulletin  for  believing  that 
such  loss  of  moisture  is  greater  at  high  altitudes. 

That  shelter  by  surrounding  trees,  buildings,  or  other 
objects  which  protected  from  winds,  secures  the  same  effect 
in  saving  trees  through  the  winter  as  does  a  lower  altitude 
with  its  longer  growing  season,  is  well  illustrated  by  the 
fact  that  we  have  been  unable  to  grow  boxelders  at  all  upon 
the  Experiment  Farm  while  in  sheltered  yards  in  Laramie 
the  trees  have  attained  considerable  size. 

The  following  notes  indicate  briefly  the  results  of  our 
trials  with  ditTerent  trees,  the  general  hardiness  and  utility 
of  each  and  how  they  may  be  propagated  or  obtained. 

COTTONWOODS  (Popnlus.) 

Five  species  of  poplars  have  been  found  native  in  the 
state.*  Three  of  these  are  commonly  called  Cottonwoods, 
ODMhe  Balm  of  Gilead  and  the  other  the  Quaking  Asp. 

•See  Bulletin  No.  2^,  p.  ISO. 
-(4) 
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The  poplars  are  dioecious",  i.  e.,  the  male  and  female 
flowers  are  borne  on  separate  trees.    As  the  cotton  is  such  a 
nuisance  in  yards  and  along  the  streets  it  is  quite  important 
only  to  plant  in  such  places  the  male  trees,  which  produce 
no  cotton.    We  know  of  no  way  of  telling  the  trees  which 
produce  cotton  from  those  which  do  not  when  they  are 
young,  but  it  is  an  easy  matter  to  propagate  the  kind  wanted. 
Cottonwoods  grow  readily  from  cuttings.     Cuttings  from 
male  trees  or  those  which  do  not  bear  cotton  will  produce 
male  trees.    Anyone  raising  their  own  trees  from  cuttings 
should  bear  this  in  mind,  in  order  to  get  rid  of  this  objec- 
tionable feature.     Some  trouble  has  been  experienced  in 
this  state  by  such  rapid  growing  trees  becoming  bark-bound, 
especially  on  the  south  and  west  sides.    When  this  occurs, 
split  the  bark  open  up  and  down  the  trunk  once  or  twice 
during  the  season.    Cottonwoods  will  grow  in  most  trying 
situations  if  given  plenty  of  water.    They  have  succeeded 
better  with  us  where  planted  upon  rather  shallow  soil  with 
sandy  or  gravelly  subsoil  and  given  a  continual  supply  of 
water.     In  regard  to  their  general  usefulness.  Professor 
Bailey  of  Cornell,  writing  for  New  York  State,  says:  *'As  a 
group,  the  poplars  possess  comparatively  small  value  in 
landscape  planting.  *  *  *     A  very  rapid  growing  tree  nearly 
always  produces  cheap  effects.  ♦  ♦  ♦  There  is  little  that 
suggests  strength  and  stability  in  willows  and  poplars  and 
for  this  reason  they  should  always  be  used  as  minor  or 
secondary  features  in  ornamental  or  home  grounds.    Where 
quick  results  are  desired  there  is  nothing  better  to  plant  than 
these  trees,but  better  trees,  like  maple8,oaks,or  elms,should 
be  planted  with  them  and  the  poplars  and  willows  should 
be  removed  as  fast  as  the  other  species  begin  to  afford  pro- 
tection. ♦  ♦  ♦  The  Cottonwood  is  perhaps  the  best  of  all 
spreading  its  gray  branches  far  and  wide,  but  like  the  aspen, 
it  is  cheerful  and  restive.    One  is  not  moved  to  lie  under  it 
as  he  is  under  a  maple  or  oak.    Its  leaves  rustle  with  the 
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slightest  movement  of  air.  The  ripple  of  its  foliage  always 
recalls  to  my  mind  the  play  of  wavelets  upon  a  pebbly  shore. 
The  day  is  never  so  dark  but  the  cottonwood  reflects  a 
flood  of  light." 

Force  of  circumstances  necessitate  our  disagreeing  with 
a  part  of  these  remarks,  for  we  would  be  loath,  indeed,  to 
discard  the  cottonwood  for  our  permanent  plantings.  The 
number  of  kinds  of  trees  which  we  know  to  be  hardy  enough 
to  stand  our  climate.is  limited.  In  fact,  the  only  one  which 
is  of  any  great  use  for  shade  at  the  altitude  of  a  great  part 
of  the  state  is  the  cottonwood.  We  admit  that  their  con- 
stantly moving  foliage  is  not  conducive  to  the  midday 
siesta,  but  on  the  other  hand  they  are  emblematic  of  the  ner- 
vous energy,  the  bustle,  the  push  characteristic  of  western 
\  people.    Once  for  all  we  might  as  well  decide  to  accei)t  the 

cottonwood  with  thankfulness  that  we  have  so  noble  a 
tree  and  set  about  conscientiously  to  make  the  best  use  pos- 
sible of  it  in  producing  pleasing  effects  in  our  landscapes. 

RYDBERG'S  COTTONWOOD  OR  SMOOTH  BARK. 
(Popidiis  acuminata  Rydberg.) 

This  is  the  hardiest  and  best  of  our  native  cottonwoods 
for  cutlivation  in  this  state.  It  will  grow  anywhere  if  suffi- 
cient moisture  is  supplied,  and  thrives  especially  well  where 
a  number  are  planted  together,  as  they  shelter  one  another. 
On  account  of  its  hardiness,  rapid  growth,  and  habit  of  as- 
suming a  good  shape,  there  is  nothing  to  equal  it  for  gen- 
I  eral  planting  under  adverse  conditions,  or  for  a  first  shel- 

ter to  protect  more  tender  species.  It  is  especially  use- 
ful for  wind-breaks,  for  planting  along  our  streets, and  single 
specimens  standing  near  the  border  of  a  yard  are  beautiful. 
Some  specimens  planted  upon  the  Experiment  Farm  at 
Laramie  have  succeeded  well,  making  several  times  as  much 
growth  as  the  broad  leaved  cottonwood. 

At  an  altitude  of  over  7,000  feet  trees  one  inch  in  diam- 
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eter  will  become  five  to  seven  inches  in  diameter  in  five 
years.  Every  ranchman  in  the  state  who  can  irrigate  them 
should  plant  shelter  belts  and  wind-breaks  of  this  species 
and  should  have  them  in  his  vard  for  shade.  Cottonwoods 
are  greedy  feeders  and  other  trees  or  plants  do  not  do  well 
when  planted  too  close  to  them,  but  their  good  influence 
will  repay  the  amount  of  room  required.  This  tree,  as  is 
true  of  all  our  native  poplars,  produces  good  fuel  but 
is  of  little  or  no  value  for  lumber. 

BKOAD  LEAF  COTTONWOOD  OR  CAROLINA  POPLAR. 

(Populus  deltoides  Marsh,  or  P.  monoUfeva  Aiton.) 

This  tree  is  common  at  Wheatland  and  in  the  north- 
western portion  of  the  state.  Around  the  first  artificial 
lakes  or  reservoirs  at  Wheatland  thickets  of  these  trees  carae 
up  from  seeds  which  made  their  way  down  the  ditches  with 
the  irrigation  water.  It  is  much  used  as  a  shade  tree.  There 
are  some  excellent  specimens  in  Laramie.  Seedlings  set  upon 
the  Experiment  Farm  in  1893  subject  to  the  exj>osure  of  the 
open  plains  have  lived,  though  the  growth  has  been  com- 
paratively slow.  They  have  attained  a  height  of  eight  to 
ten  feet  and  a  diameter  of  two  or  three  inches.  They  have 
undoubtedly  been  dwarfed  somewhat  by  injury  from  plant 
lice  which  were  found  in  great  numbers  on  the  leaves  in 
18J)t)  and  18J)7.  Prevailing  southwest  winds  have  caused 
them  to  lean  in  the  opposite  direction.  A  few  specimens  are 
shown  in  the  illustration  of  this  variety,  at  Laramie.  Others 
on  the  plat  were  removed  to  make  room  for  tlie  shed  and 
stack  shown  in  the  cut. 

At  Wheatland  small  trees  set  out  upon  the  Experiment 
Fa nn  in  1892  became  four  inches  in  diameter  and  twelve 
to  fifteen  feet  high  in  three  years.  This  species  f»  not  so  de- 
sii-able  for  general  ])lanting  esjiecially  at  high  altitudes  as 
is  the  smooth  bark  or  Rydberg's  Cottonwood. 
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HARROW  LEAF  COTTONWOOD  OR  BLACK  COTTON- 

WOOD. 
{Populus  angustifolia  James.) 

This  is  one  of  the  most  common  native  species,  often 
growing  to  great  size.  It  is  hardy  but  at  high  altitudes  is 
apt  to  become  scrubby  and  unsightly  where  not  well  cared 
for  and  systematically  pruned.  Many  of  these  trees  have 
been  planted  in  towns  and  some  are  making  a  good  appear- 
ance. Some  of  the  finest  trees  in  Laramie  are  of  this  species. 
It  does  not  grow  so  rapidly  as  the  smooth  bark,  but  when 
large  its  great  spreading  tops  make  it  as  effective  a  tree. 
Ordinarily  it  is  not  so  highly  prized  as  either  the  smooth 
bark  or  broad  leaf  given  above. 

BALM  OF  QILEAD.  {Populus  halsamifera  Linn.) 

Apparently  this  tree  is  not  abundant  in  the  state.  There 
is  considerable  variation  in  the  shape  and  size  of  the  leaves 
but  they  can  be  usually  distinguished  by  the  resinous  or 
sticky  buds.  This  tree  is  long  lived  and  hardy,  succeeding 
well  almost  everywhere,  although  the  broader  leaved 
varieties  have  been  more  or  less  tender  in  Laramie.  Pro- 
fessor Bailey  states  that  their  tops  are  hardly  broad  enough 
for  the  best  shade  but  are  good  to  plant  among  other  trees. 
The  sticky  buds  and  leaves  collect  too  much  dust  and  dirt 
to  make  them  desirable  in  cities  where  there  is  much  smoke. 
Our  illustration  made  from  a  protograph  of  one  of  these 
trees  in  Laramie  shows  a  broader  head  than  is  generally 
formed  by  this  species.  Balm  of  Gileads  are  reported  as  not 
doing  well  upon  the  Lander  Farm  as  they  require  so  much 
water   that  other  things  are  injured  by  it. 

QUAKING  ASP  OB  ASPEN.    (Populus  tremulmdes  Michx.) 

Many  of  these  trees  have  been  transplanted  but  I  have 
jet  to  see  one  in  cultivation  which  I  consider  a  fine  speci- 
~(5) 
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men.  Those  which  have  been  transplanted  do  not  seem  to 
grow  well,  probably  because  they  do  not  receive  sufficient 
moisture  through  the  winter.  They  are  pretty  trees,  throw- 
ing out  their  catkins  before  others  have  started  in  the  spring,, 
bearing  through  the  summer  their  gay  foliage  which  is  never 
still,  and  at  the  first  heavy  frost  in  the  fall  turning  to  bright 
yellow  and  gold.  They  are  useful  for  planting  in  yards  with 
other  trees  as  single  or  scattered  specimens  and  are  more 
esteemfrd  than  the  cottonwood  for  setting  out  in  young 
evergreen  plantations  to  shade  and  protect  the  trees. 

HORTICULTURAL  VARIETIES  OF  POPLARS. 

There  are  a  large  number  of  varieties  of  poplars  in  cul- 
tivation, other  than  those  which  are  native  to  this  state.  I 
only  know  of  one  of  these  which  has  been  introduced  here. 
This  is  the  Lombardy  Poplar,  specimens  of  which  have  been 
noticed  in  several  places.  It  is  a  short-lived  tree,  how- 
ever, and  probably  will  not  be  planted  to  any  extent.  Such 
striking  growths  are  too  often  abused  by  being  used  indis- 
J  criminately  where  they  produce  unpleasant  effects  in  the 

i  landscape   We  have  little  regret  that  the  Lombardy  does  not 

succeed  well  here  as  is  it  of  so  little  value  for  shade,  orna- 
ment, wood  or  timber.  The  so-called  silver  poplars  which 
have  been  planted  here  are  silver  maples,  spoken  of  under 
maples,  rather  than  true  silver  poplars.  A  number  of  Rus- 
sian Poplars  have  been  introduced  which  would,  no  doubt, 
prove  of  value  for  planting  in  this  state  but  as  yet  they  have 
^  ^  not  been  tried*. 

|j  -  WILLOWS.    (Salix.) 

I  l"  The  willow  is  fully  as  hardy  as  the  cottonwood  but  is 

not  as  useful  for  all  kinds  of  planting.  They  are  easily  propa- 
gated by  cuttings  but  they  require  a  large  amount  and  a 
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*    ^  •Anyone  interested  in  these  poplars  should  obtain  Bulletin  No.  9  of  the  Minnesota  Experi- 

h    *  ment  Station,  St.  Anthony  Park,  Minn,  and  Bulletin  No.  6g  of  the  Cornell  Station,  Ithaca,  N.  Y. 
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continual  supply  of  water.  Some  of  oup  native  willows  grow 
to  a  large  size  but  they  do  not  produce  a  shapely  tree.  They 
are  easy  to  cultivate,  however,  and  may  be  used  to  advan- 
tage in  many  places.  Our  illustration  of  a  screen  of  native 
willows  represents  their  usefulness  for  this  purpose.  These 
willows  grew  from  cuttings  in  three  years.  In  this  case 
they  are  used  to  separate  the  garden  from  the  house  and 
front  lawn. 

A  so-called  Russian  willow*  has  been  grown  upon  the 
ExjK^riment  Farms  at  Laramie  and  Lander.  Upon  the  Lara- 
mie Farm  they  have  died  down  to  the  ground  nearly  every 
winter.  A  few  specimens  which  had  more  moisture  have 
attained  a  larger  growth,  but,  as  a  rule,  they  only  produce  a 
fringe  of  whips  along  the  ditches,  as  shown  in  the  illustra- 
tion of  cottonwoods  and  willows  upon  the  Laramie  Farm. 
Larger  trees  of  the  same  species  have  succeeded  well  upon 
the  University  Campus  and  Mr.  L.  Fee  has  experienced  little 
difficulty  in  raising  effectual  wind-breaks  of  them  upon  the 
river  bottom. 

If  kept  properly  trimmed  they  form  a  shapely  tree  in  a 
short  time.  We  show  a  picture  of  one  of  these  trees  on  the 
grounds  of  Mr.  I  Vinson  as  it  appears  three  years  after  trans- 
planting. At  Lander  they  produced  a  fairly  good  wind-break 
in  three  years,  having  reached  a  height  of  twelve  to  fifteen 
feet.  The  larger  ones  now  have  diameters  of  from  two  to 
four  inches. 

Osier  willows  brought  from  Nebraska  have  succeeded 
well  upon  the  Laramie  Plains.  Upon  the  ranch  of  Mr.  James 
King,  seventeen  miles  from  Laramie,  they  have  made  large 
growths,  producing  an  effective  wind-break  for  his  garden. 
A  specimen  upon  the  Experiment  Farm  which  stands  near 
the  main  lateral  where  it  gets  plenty  of  moisture  has  grown 
well  and  shows  no  tendency  to  winter  kill. 

•Our  botanist.  Prof.   Nelson,   sent  specimens  to  Prof.    Bebb,   a  few  years  ago,  who  stated 
that  this  was  the  white  willow  crossed  with  another  species. 
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MAPLES.    (Acer.) 

So  far  as  we  are  informed  the  hard  or  sugar  maple  has 
not  been  tried  other  than  a  few  seeds  planted  on  the  Station 
Farms,  which  failed  to  grow.  Soft  maples  will  succeed  in 
sheltered  places  below  five  thousand  feet  altitude.  Those 
planted  at  Laramie  have  failed.  Three  species  are  native 
in  the  state,  the  small  bush  maple,  common  in  mountalti  ra- 
vines; the  boxelder,  along  nearly  all  our  streams  at  low  at- 
titudes, and  our  botanist  has  found  a  species,  the  Utah 
maple,  on  Bear  River  near  Evanston.  The  following  species 
deserve  special  mention: 

Boxelder  (Acer  negundo  Linn.) — Boxelders  are  too 
tender  above  7,000  feet  altitude  except  in  the  most  shel- 
tered locations.  They  may  be  sparingly  used  in  yards, 
where  they  often  produce  handsome  trees.  Seeds  planted 
on  the  Experiment  Farms  have  not  succeeded  very  well  ex- 
cept at  Lander,  where  seeds  planted  in  1895  have  produced 
trees  two  inches  in  diameter  and  twelve  feet  high.  They 
are  subject  to  attacks  of  the  boxelder  leaf  roller  which  must 
be  kept  in  check  by  spraying  or  the  trees  become  a  nuisance 
as  long  as  they  live  and  are  eventually  killed  by  these  in- 
sects.   (For  remedy  see  Insect  Pests.) 

Silver  Maple  (Acer  saccharinum  Linn.) — This  species  is 
often  planted  in  our  towns  under  the  false  name  of  Silver 
Poplar.  It  is  hardy  but  shows  a  tendency  to  die  back  in  the 
winter  at  Laramie.  It  has  a  disagreeable  habit  of  sucker- 
ing  from  the  roots,  and  if  neglected  soon  forms  an  unsightly 
bramble  of  underbrush.  Single  specimens,  well  cared  for,  in 
the  back  yard,  may  be  tolerated,  but  they  are  too  gay  and 
striking  for  good  effects  in  front  yards  or  along  the  street. 
Our  illustration  shows  some  fair  specimens  planted  along 
a  street  in  Laramie. 
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LOCUST.     (Rohinia,) 

Honey  Locust  planted  on  the  south  side  of  the  Univer- 
sity campus  lived  four  or  five  years,  but  did  not  increase  in. 
size,  as  the  small  growth  made  each  summer  died  back  to 
the  main  stem  the  fallowing  winter.  At  Lander  a  good 
stand  of  both  Honey  and  Black  Locust  was  secured  from 
seed,  but  reports  from  there  state  that  they  are  killed  back 
each  winter.  In  a  yard  in  Laramie  there  are  good  specimens 
of  Black  and  Yellow  Locusts,  but  they  have  not  been  grown 

« 

long  enough  to  determine  whether  they  can  be  made  to  live 
through  the  winter  or  not.  Fine  specimens  of  these  trees 
have  been  observed  in  Cheyenne.  They  will  undoubtedly 
succeed  in  Wheatland  and  at  other  places  along  the  eastern 
border  of  the  state. 

CAT  ALP  A. 

This  species  has  not  succeeded  upon  the  Experiment 
Farms.  It  can  probably  be  made  to  grow  in  sheltered  places 
at  low  altitudes. 

MULBERRY.     (Morus,) 

The  Russian  Mulberry  tried  upon  the  Experiment  Farms 
has  been  killed  during  the  winters.  We  have  seen  fine 
thrifty  trees  full  of  ripe  fruit  at  nearly  seven  thousand  feet 
altitude  upon  the  ranch  of  Mr.  Keach  located  in  a  protected 
valley  in  the  mountains  about  twenty-five  miles  south  of 
the  Wyoming  line.  With  proper  protection  they  will  un- 
'  doubtedly  succeed  in  parts  of  the  state. 

GREEN  ASH.     (Fraxinus  lanceolata  Brokh.) 

The  Green  Ash  is  found  native  along  streams  in  the 
northern  part  of  the  state,  having  been  observed  as  far  south 
as  the  Canon  of  the  North  Platte  above  Grin  Junction.  It 
will  undoubtedly  succeed  where  properly  cultivated  in  that 
region. 

-(6) 
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WHITE  ASH.    (Fraxinua  americana   Linn.) 

The  investigations  by  the  station  show  that  the  White 
Ash  needs  a  longer  season  than  we  have  at  altitudes  above 
six  thousand  feet.  The  illustration  of  White  Ash  and  Elms 
grown  from  seedlings  at  Laramie  show  the  small  growth 
miade  in  unsheltered  places.  Larger  trees  set  out  upon  the 
Experiment  Farm  and  the  University  Campus  lived  through 
the  first  winter  but  made  very  small  growth.  In. Cheyenne, 
at  six  thousand  feet  altitude,  there  are  some  thrifty,  well- 
shaped  ash  trees.  In  the  railroad  park  near  the  depot  they 
made  a  growth  this  season  of  from  one  to  three  feet.  A  good 
many  White  Ash  were  set  out  around  the  Capitol  grounds. 
The  State  Engineer  tells  me  he  has  concluded  that  the  season 
is  too  short  for  them. 

At  Lander,  Sundance  and  Wheatland  they  have  suc- 
<3eeded  well.  At  Lander  they  made  a  growth  of  over  three 
feet  in  the  season  of  1895,  but  the  heavy  freeze  on  September 
22nd  of  that  year  cut  them  back.  Since  that  time  they  have 
made  new  growth  and  Mrs.  Meyer  reports  now  that  they  are 
two  inches  in  diameter  and  nine  feet  high.  We  have  no 
report  on  the  White  Ash  from  Wheatland  since  1895,  but  at 
that  time  trees  which  were  set  out  when  one  year  old  in  1892 
had  made  a  growth  of  six  to  ten  feet  high  and  about  one  and 
one-half  inches  in  diameter.  Our  illustration  of  White  Ash 
trees  at  Wheatland  shows  a  growth  of  four  feet  two  inches 
in  1895. 

WHITE  ELM.    (llmus  americana   Linn.) 

The  larger  trees  of  White  Elms  planted  at  Laramie  died 
the  first  season.  Seedlings  set  out  in  1892  have  lived  but 
have  made  such  small  growth  (see  illustration)  that  they  are 
difficult  to  see  in  the  plat.  They  seem  hardy  at  Wheatland 
wliere  in  three  years  they  reached  a  diameter  of  two  and  one 
half  inches  and  attained  heights  of  ten  to  twelve  feet.  At 
Lander  they  have  died  back  each  winter.     In  nearly  all 
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parts  of  the  state  they  will  require  good  shelter  in  order  to 
succeed. 

BUTTERNUTS  AND  BLACK  WALNUTS.    (Juglans.) 

At  Wheatland  and  at  Lander  Butternuts  and  Black 
Walnuts  have  lived  but  have  only  made  small  scrubby 
growths.  In  1895,  at  the  former  place,  they  made  a  season's 
growth  of  two  feet.  Black  Walnuts  are  more  hardy  than 
Butternuts  at  Wheatland.  Trees  set  out  at  Lander  in  1892 
are  now  about  two  inches  in  diameter  at  the  f^round  and  four 
feet  high.  They  require  a  low  altitude  and  the  best  of  shel- 
ter from  the  wind  and  sun. 

MOITS^TAIN  ASH.    (Pyrus  aniericana   Marsh.  ) 

This  is  a  very  ornamental  little  tree  where  it  can  be 
made  to  thrive.  It  is  native  .to  the  state  in  ravines  in  the 
mountains  above  8,000  feet.  A  dozen  were  set  out  at  Lara- 
mie but  we  failed  to  make  any  of  them  live.  They  require  a 
sheltered  locality  and  plenty  of  snow  or  other  moisture  dur- 
ing the  winter.  In  Cheyenne  there  are  a  few  beautiful 
specimens. 

BIRCH.     (Betula.) 
There  is  a  native  species  in  the  Black  Hills  of  Crook 
County.    We  have  not  attempted  to  grow  them  upon  the 
Experiment  Farm  but  believe  them  worthy  of  careful  trial 
for  ornamental  planting. 

FRUIT  TREES  FOR  ORNAMENT. 

Those  fruit  trees  which  succeed  with  us  are  of  little 
value  for  shade.  However,  thev  can  often  be  used  to  ad- 
vantage  associated  with  other  trees  in  ornamental  planting 
and  their  usefulness  makes  them  doubly  desirable.  Some 
of  the  apples,  as  the  Wealthy  and  the  Siberian  Crabs,  are 
almost  as  hardy  as  cottonwoods  and  willows.    They  may  be 
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lots  in  town  manv  have  succeeded  better  than  we.  The  fol- 
lowing  varieties  merit  special  mention: 

Silver  or  Blue  Spruce  (Picea  pungens  Englra.) — This  is  a 
rapid  growing  tree  and  the  most  beautiful  of  our  evergreens. 
It  is  a  native,  growing  along  streams  or  in  wet  swampy 
places  in  the  mountains.  On  account  of  its  natural  habitat 
it  is  the  only  evergreen  which  grows  well  upon  our  lawns 
where  so  much  water  is  used.  When  small  it  closely  re- 
sembles the  Engelmann  Spruce  but  the  latter  grows  on  high 
ground.  Nurserymen  claim  to  have  little  difficulty  in  grow- 
ing Silver  Spruce  but  our  experience  indicates  that  they  can 
hardly  be  made  to  succeed  where  no  protection  from  winds 
and  sun  is  given.  Out  of  dozens  of  them  set  out  without 
protection  we  have  succeeded  in  establishing  a  single  tree 
80  we  know  it  is  growing.  A  number  recently  set  out  seem 
to  be  growing  well.  There  are  many  fine  specimens  in  the 
yards  and  parks  in  Cheyenne  and  Laramie.  Mr.  Thessen, 
who  was  caring  for  the  railroad  park  in  Cheyenne  this  sum- 
mer, states  that  he  has  not  lost  a  single  tree.  The  grass  is 
not  allowed  to  grow  around  the  bottom  of  the  tree  trunks 
and  when  watering  the  lawn  the  tops  of  the  spruce  trees  are 
sprayed  every  day.  As  our  frontispiece  we  show  an  illustra- 
toin  of  a  very  good  specimen  in  the  yard  of  Mr.  Edward 
Ivinson  in  Laramie.  This  tree  was  transplanted  to  its  pres- 
ent position  about  ten  years  ago  when  it  was  quite  small. 

Douglas  Spruce  (Pseudotsuga  taxifolia  (Poir)  Britton.) — 
'4  This  is  a  common  tree  in  our  mountains  which  is  sometimes 

transplanted  with  the  thought  that  it  is  the  Silver  Spruce. 
They  are  easily  told  apart,  however.  It  stands  transplanting 
fairly  well  if  carefully  done  but  will  not  thrive  where  there 
is  as  much  water  as  is  required  by  the  Silver  Spruce.  There 
are  some  fairly  good  specimens  in  yards  in  Laramie.  Our 
picture  shows  a  small  grove  of  Douglas  Spnice  which  has 
been  set  out  on  the  University  Campus  the  past  two  sea- 
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sons.  This  picture  represents  the  manner  in  which  we  think 
the  trees  are  more  apt  to  grow  by  protecting  one  another 
and  catching  the  winter  snows  and  illustrates  the  correct 
method  of  producing  artistic  landscape  effects. 

Cedars  (Juniperus.)— Cedars  do  not  seem  to  have  taken 
kindly  to  transplanting  in  Laramie.  There  are  some  nice 
specimens  in  yards  in  Cheyenne.  Single  specimens  are  very 
ornamental,  especially  if  properly  backed  by  other  trees 
so  they  form  a  part  of  the  whole  effect.  The  cultivated  vari- 
etv  should  be  obtained  from  some  reliable  nurseryman. 

ARTIFICIAL  ROOT  PRESSURE. 

The  artificial  application  of  root  pressure  in  horticulture 
is  new.  It  has  been  introduced  by  Professor  E,  S.  Goff  of 
the  Wisconsin  Station.  He  gives  a  detailed  account  of  ex- 
periments  carried  on  along  this  line  in  the  Fourteenth  An- 
nual Report  of  that  Station.  Professor  Goff  attributes  the 
failure  to  start  growth  promptly  after  trees  have  been 
transplanted  to  the  lack  of  sap  pressure  in  the  cells.  Under 
normal  conditions  this  pressure  is  supplied  by  the  action  of 
root  hairs.  These,  of  course,  are  destroyed  in  the  process 
of  transplanting.  New  root  hairs  must  be  produced  before 
the  plant  can  re-establish  this  sap  pi'essure.  During  the  time 
that  the  tree  is  taking  up  so  little  moisture  from  the  soil  it  is 
continually  losing  a  large  amount  by  evaporation  which 
naturally  lowers  its  vitality  and  ability  to  make  quick,  rapid 
growth.  It  seems  plausible,  therefore,  that  artificially  keep- 
ing up  the  pressure  in  the  tree,  supplying  water  to  take  the 
place  of  that  lost  by  evaporation  and  continuing  the  natural 
conditions  so  it  can  perform  vegetative  functions  would  in- 
sure the  life  of  the  tree  and  accelerate  its  growth.  Professor 
Goff  has  demonstrated  the  value  of  his  method  with  newly 
planted  apple  trees.  We  have  tried  the  method  upon  fruit 
trees  at  Laramie  and,  while  our  exj^eriments  were  not  con- 
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elusive,  it  seemed  very  beneficial.  Our  object  in  presenting 
the  matter  in  this  bulletin  is  to  interest  those  who  are  plant- 
ing trees  of  any  kind,  with  the  hope  that  they  will  co- 
operate with  this  station  in  order  to  make  the  experiments 
sufficientlv  extensive  to  determine  what  value  attaches  to  it. 
The  method  is  so  simple,  inexpensive  and  easily  applied 
that  anyone  can  use  it  and  if  it  proves  effectual  in  prevent- 
ing the  death  of  even  a  small  percent  of  transplanted  trees 
it  would  pay  for  itself  many  times  over.  When  the  trees  are 
planted  a  receptacle  holding  distilled  or  rain  water  is  placed 
at  the  height  of,  or  a  little  above,  the  top  limbs  and  con- 
nected to  one  of  the  roots  of  the  tree  by  a  tube  and  small 
piece  of  rubber  hose.  Bottles  and  glass  tubing  or  a  metal 
dish  at  the  top  of  a  piece  of  gas  pipe  may  be  used.  It  is  not 
claimed  that  attaching  this  apparatus  will  do  any  good  ex- 
cept during  the  time  new  root  hairs  are  being  formed,  the 
roots  are  establishing  themselves  and  the  new  leaves  are 
starting.  It  is  only  needed  a  few  weeks  at  the  most  and  the 
materials  used  can  be  utilized  for  other  trees.  Anyone  who 
will  co-operate  with  the  station  in  making  tests  upon  newly 
planted  trees  will  confer  a  favor  by  corresponding  with  the 
Direttor.  We  only  care  to  experiment  with  it  upon  spring 
planted  trees,  but  sould  like  to  make  careful  tests  upon  any 
kinds  of  trees,  whether  deciduous  or  evergreen  and  in  differ- 
ent parts  of  the  state. 


INSECT  ENEMIES. 


Only  a  few  insects  which  produce  any  alarming  injury 
to  our  trees  have  been  observed.  There  are  a  few,  however, 
which  demand  immediate  attention  and  energetic  action  in 
order  to  prevent  the  destruction  of  our  hardiest  varieties. 
It  is  not  our  purpose  here  to  write  a  scientific  treaties  upon 
this  class  of  insects,  but  to  call  attention  to  the  danger  from 
certain  pests  and  give  as  briefly  as  possible  remedies  for 
their  destruction. 

PLANT  LICE. 

These  are  the  most  injurious  insects  in  the  state.  They 
are  especially  destructive  to  cottonwoods  and  have  been 
very  injurious  to  willows  and  spruce  These  wonderful  little 
insects  are  known  to  everyone  as  plant  lice  or  as  "green"  or 
brown  flies.  Thev  are  so  small  that  even  when  thev  occur  in 
great  numbers  they  are  easily  overlooked  and  though  they 
fatally  damage  the  trees  the  work  is  done  so  unobtrusively 
and  slowly  that  they  are  too  often  ignored.  There  are  a  good 
many  genera  and  species  of  plant  lice  but  it  will  not  be 
necessary  to  describe  or  classify  them  here.  Two  species 
working  on  the  cottonwood  are  named  in  Bulletin  No.  2  of 
this  station.* 

"The  two  species  of  lice  in  this  locality  on  the  cotton- 
wood  are  Pemphigvs  populimonilis  ?  Riley,  and  Chaitopherus 
t'iminalis  ?  The  former  is  less  numerous  than  the  latter. 
The  first-named  species  attacks  the  leaf  near  its  margin.  By 
the  continual  puncturing  and  irritation  to  the  leaf  the 
growth  is  retarded  at  this  point.    The  growth  on  the  oppo- 

*This  bulletin  which  was  wriuen  by  F.  J  Ni-iwinder.  (hrn  with  ihe  Station,  h.'s  fye<n  rx- 
haiisted.  As  it  can  no  longer  be  supplied  I  have  quoted  in  full  the  section  on  specie*  nnj  a  little 
further  alon>;  the  one  on  remedies. 
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site  side  of  the  leaf  is  so  rapid  that  within  a  short  time  a 
pocket-like  cavity  is  f  onried,  in  which  the  lice  live.  The  other 
species  differs  in  its  habit  from  its  relative.  Instead  of  form- 
ing a  gall  or  protective  covering  for  themselves,  they  con- 
gregate upon  both  sides  of  the  leaf  near  the  midrib  and  by 
their  continual  puncturing  soon  cause  the  foliage  to  curl,  be- 
come brown  and  finally  drop  from  the  tree."  Undoubtedly 
there  are  other  species  working  upon  the  cottonwoods  and 
willows.  We  have  not  observed  that  early  dropping  of  the 
leaves  generally  follows  the  attacks  of  our  common  species. 
I  have  also  found  undoubted  evidence  of  work  upon  the 
roots  by  one  or  more  other  species. 

Plant  lice  may  or  may  not  produce  galls  either  upon  the 
leaves  or  roots,  depending  upon  the  species.  Where  there 
are  attacks  upon  both  the  leaves  and  roots  more  serious  in- 
jury is  done  in  a  short  time.  They  are  so  destructive  to  the 
cottonwoods  in  Laramie  that  unless  some  change  in  natural 
conditions,  as  unfavorable  seasons  or  the  increase  of  their 
enemies,  destroys  them  or  unless  the  people  take  the  matter 
in  hand,  we  predict  that  in  ten  years'  time  there  will  be  very 
few  trees  left.  The  trees  gradually  become  weak,  but  they 
may  not  show  the  bad  effects  until  time  of  throwing  out  the 
leaves  in  the  spring.  The  foliage  comes  out  late  and  the 
leaves  have  a  small,  yellow,  sickly  appearance.  After  strug- 
gling along  after  this  manner  for  one  or  more  years,  the  en- 
tire tree  dies.  Where  neglected  by  not  being  prunned  or  sup- 
plied with  sufficient  water  they  die  more  quickly.  Our  illus- 
tration shows  trees  on  a  stre<»t  in  Laramie  which  are  being 
destroyed  in  this  way  The  one  to  the  left  in  front  is  entirely 
dead  The  one  back  of  it,  inside  the  fence,  and  the  three  to 
the  right  are  so  out  of  health  that  they  will  probably  not 
come  into  leaf  another  year,  while  the  large,  green  tree  at  the 
right  shows  little  effect  as  yet  and  may  live  several  years. 
The  trees  in  this  picture  are  typical  of  the  condition  of  a 
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great  many  cottonwoods  in  Laramie  and  every  tree  owner 
shold  do  something  at  once  to  prevent  further  destruction. 
These  insects  live  by  sucking  the  juices  of  the  plant  upon 
which  they  feed.  They  ordinarily  collect  in  great  numbers 
on  the  under  side  of  the  leaves  or  upon  the  roots  under 
ground.  I^pon  their  backs,  near  the  rear  end  of  the  body, 
they  bear  a  pair  of  siphuncles  or  honey  tubes,  through  which 
is  secreted  a  sweet  liquid  known  as  honey  dew.  This  liquid 
becomes  sticky  and  where  the  lice  are  numerous  often  covers 
the  leaf,  helping  along  the  destruction  of  the  tree  by  choking 
it  to  death.  Sometimes  so  much  honey  dew  is  excreted  that 
it  falls  like  rain,  and  walks  under  the  trees  are  covered 
with  it. 

Ants  are  the  friends  of  plant  lice,  attending  them  regu- 
larly to  feed  upon  the  honey  dew  and  caring  for  them  or 
their  eggs  through  the  winter.  It  has  been  proven  that  at 
least  some  species  cannot  live  unless  they  are  taken  care  of 
by  ants.  If  this  is  true  of  the  species  affecting  our  cotton- 
w^oods,  and  it  seems  likely,  destroying  the  ants  is  a  good 
remedy.  Mr.  Ivinson  informs  me  that  they  have  destroyed 
the  ants  wherever  they  have  been  found  on  his  grounds,  by 
pouring  boiling  water  into  their  nests,  and  that  his  trees 
have  not  been  bothered  by  lice.  So  far  as  I  have  observed, 
they  are  the  only  trees  in  town  which  do  not  show  injury 
from  these  insects.  For  destroying  ants,  there  is  probably 
nothing  better  than  bisulphide  of  carbon.  Pour  two  or  three 
tablespoonfuls  into  each  hole  and  press  the  soil  around  and 
over  it  w4th  the  foot.    This  will  usually  kill  everything  in 

the  nest. 

There  are  several  kinds  of  plant  lice  which  live  on  our 
evergreens.  They  ai'e  often  numerous  on  the  Douglas 
Spruce,  and  one  species  (Cherme^  ahietis  Linn.)  produces 
small,  brown,  cone-shaped  galls  at  the  ends  of  the  limbs  of 
the  silver  spruce. 
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REMEDIES.— Professor  Gillette  of  the  Colorado  Sta- 
tion recommends  collecting  and  destroying  the  galls  on  the 
spruce  during  the  last  half  of  June  or  early  in  July  and  to  ap- 
ply kerosene  emulsion  during  the  latter  part  of  May.  He 
also  states  that  kerosene  emulsion  is  effectual  in  killing  the 
lice  on  Douglas  Spruce. 

When  there  are  lice  on  the  roots  of  trees  they  may  be 
destroyed  by  working  from  three  to  six  pounds  of  tobacco 
dust  or  a  good  quantity  of  the  stems  into  the  soil  around  the 
base  of  the  tree  and  then  thoroughly  wetting  it.  The  water 
takes  enough  nicotine  from  the  tobocco  down  around  the 
roots  to  destroy  the  lice.  Professor  Smith,  in  his  book  on 
"Economic  Entomology'-  (P.  131),  says  salty  liquids  will  kill 
plant  lice,  and  I'ecommends  the  use  of  potash  fertilizers 
around  the  trees.  Bisulphide  of  carbon  injected  into  the 
ground  is  sometimes  used  and  is  effectual  in  killing  the  in- 
sects, but  it  is  more  expensive  than  tobacco  and,  using  too 
much,  is  apt  to  injure  the  tree.  It  is  necessary  to  destroy  in- 
sects which  feed,  as  do  the  plant  lice,  by  applying  poisons 
which  kill  by  coming  in  contact  with  their  bodies.  All  that 
I  need  to  say  regarding  remedies  for  the  lice  on  the  parts 
above  ground  and  how  to  prej>are  and  apply  them  is  con- 
tained in  the  following  quotation  from  F.  J.  Niswander,  in 
Wyoming  Bulletin  No.  2 :  "Various  remedies  have  been  sug- 
gested for  the  destruction  of  plant  lice,  but  none  seems  to  be 
more  effective  than  an  emulsion  of  kerosene  oil  and  soap. 
This  emulsion  is  made  as  follows:  ^Dissolve  in  two  quarts 
of  soft  water  one-fourth  pound  of  hard  soap  by  heating  to  the 
boiling  point,  then  add  one  pint  of  kerosene  oil  and  stir  vig- 
orously for  from  three  to  five  minutes.' — (C?ook).  The  best 
way  to  do  the  stirring  is  to  pump  the  mixture  from  one  vessel 
into  another  or  back  into  itself  with  the  force  pump.  This 
will  form  a  thick,  creamy  mass  that  may  be  diluted  to  any 
desired  strength.    To  the  mixture  just  formed  we  then  add 
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ten  pints  of  water.  This  is  the  usual  strength,  although  the 
emulsion  will  kill  the  lice  if  twelve  pints  of  water  are  added. 
It  is  better  to  add  the  larger  amount  of  water,  as  there  is 
some  damage  done  the  foliage  when  only  ten  pints  are  added. 
The  emulsion  should  always  be  applied  with  a  force  pump. 
Another  excellent  remedy,  for  plant  lice  is  Buhach  or  Pyre- 
thrum.  This  is  the  yellow  insect  powder  sold  in  the  shops 
for  the  destruction  of  insects.  If  two  tablespoonfuls  of  this 
be  thoroughly  stirred  in  a  large  pail  full  of  water  and 
sprayed  upon  the  trees  excellent  results  will  follow  the  ap- 
plication. Too  much  care  cannot  be  taken  to  make  a  thor- 
ough application,  otherwise  it  will  do  no  good. 

"In  the  application  of  insecticides  there  is  nothing  that 
will  insure  success  like  thoroughness.  A  dashing  spray,  one 
that  will  reach  every  leaf  upon  all  portions  of  the  tree,  is  one 
of  the  essentials  of  a  good  force  pump.  There  are  many 
pumps  upon  the  market  and  all  have  certain  features  that 
are  commendable." 

BOXELDER  LEAF  ROLLERS. 

{Cacopcia  semiferana  Walk.) 

This  insect  proves  very  destructive,  at  times  practically 
defoliating  the  boxelders,  leaving  them  unsightly  and  in 
such  condition  that  they  are  slow  to  recover.  It  is  popularly 
thought  to  be  the  same  as  the  leaf  roller  of  fruit  trees.  In 
Bulletin  No.  47  of  the  Colorado  Station,  Professor  C.  P.  Gil- 
lette, in  speaking  of  it,  says:  "This  insect  is  a  close  relative 
of  the  Fruit  Tree  Leaf  Roller  and  it  is  quite  commonly 
thought  not  to  be  different  It  seems  to  confine  its  attacks 
exclusively  to  the  boxelder,  however,  in  this  state,  as  I  have 
never  yet  found  the  larvae  feeding  upon  anything  else.  Its 
habits  and  appearance  are  much  like  the  fruit  tree  species." 

REMEDIES. — As  the  larvae  are  external  feeders,  eat- 
ing the  whole  leaf,  they  may  be  destroyed  with  any  of  the 
stomach  poisons.    Spray  with  Paris  Green  mixed  with  water 
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at  the  rate  of  one  pound  of  Paris  Green  to  150  to  200  gal- 
lons of  water,  keeping  it  well  stirred.  Apply  when  the  young 
larvae  first  appear  upon  the  leaves  and  again  a  week  or  ten 
days  later. 

BOXELDER  BUG — (Leptocoris  trivittatus   Say.) 

This  insect  is  common  all  over  the  state.    It  is  a  flat  bug 
i  ahout  one  half  inch  long,  black,  with  red  margins  on  the  tho- 

I  rax  and  wings.    They  may  often  be  seen  walking  around 

slowly  in  the  fall  or  winter  time,  or  collected  in  great  num- 
bers here  and  there.  The  young  bugs  feed  upon  the  box- 
elder. 

j  REMEDIES.— Professor  Gillette  says  that  the  old  bug^ 

I  seem  proof  against  most    applications    used  for  such  in- 

1  sects,  but  that  kerosene  emulsion  will  probably  kill  the 
young  bugs.  He  recommends  killing  them  with  boiling 
water  when  large  numbers  of  them  are  found  collected  in 
one  place. 

ATTACUS  MOTH— {Attacus  Columbia  Smith.) 

A  large,  green  caterpillar,  almost  the  size  of  a  cigar, 
when  full  grown,  covered  with  knobs,  with  yellow  and  blue 
markings,  is  becoming  a  common  pest  upon  the  willows,  cur- 
rants and  gooseberries  at  Laramie.  They  are  enormous  eat- 
ers, requiring  a  great  many  leaves  at  a  meal, and  have  a  habit 
of  only  resting  a  short  time  between  meals,  so  entire 
branches  may  be  defoliated  in  a  single  day.    The  larvae  spin 

I 

I  dark  cocoons  of  silk  and  produce  the  largest  moth  found  in 

p  our  state,  the  wings  expanding  three  and  one-half  to  four 

inches. 

REMEDY. — Where  numerous,  they  should  be  destroyed 
with  the  same  spray  of  Paris  Green  as  that  given  for  Box- 
elder  Leaf  Roller.* 

*A  number  of  caterpillar*  have  been  found  eating  the  willows.  Wherever  they  feed  in 
nich  numbers  as  to  be  at  all  injurious  they  should  be  destroyed  with  the  Paris  Green  spray 
which  efftctually  kills  any  insect  which  feeds  by  eating  a  part  or  all  of  the  leaf. 
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TENT  CATERPILLAR— (rrwiocampa  fragilisf) 
Specimens  of  tent  caterpillar  eggs  have  been  sent  me 
from  Natrona  and  Crook  Counties.  The  eggs  are  laid  in  bun- 
dles around  the  stem.  The  larvae  feed  upon  the  apple,  spin- 
ning unsightly  tents  in  the  top  limbs,  and  Ix^come  very  de- 
structive where  allowed  to  become  numerous  and  continue 
their  ravages  unmolested. 

REMEDIES. — The  e^g  masses  must  be  cut  off  in  the 
winter  and  burned.  If  any  escape  observation,  the  young 
<;an  be  destroyed  by  cutting  off  and  burning  the  tents,  or  by 
spraying  with  Paris  Green.  Where  the  trees  are  sprayed 
with  Paris  Green  for  the  codlin  moth  the  tent  caterpillar  is 
usually  destroyed  as  well. 

COTTONWOOD  BOREB—{ Prionoxistus  robiniw  Peck.) 

Injury  from  this  insect  is  occasionally  met  with  in  cot- 
tonwoods  in  this  state.  They  are  apt  to  bore  into  the  tree 
w  here  there  is  a  scar.  The  castings  of  the  borers  are  pushed 
out  to  the  surface  and  the  sap  runs  out,  making  a  bleeding 
place  on  the  tree,  which  helps  to  rot  the  wood.  The  larvae 
become  about  two  inches  long. 

REMEDIES. — As  given  by  Professor  Gillette,  the  reme- 
dies are  to  destroy  the  larvae  by  using  a  wire  or  to  prevent 
his  coming  out  as  the  adult  moth  by  plugging  up  the  hole  or 
tacking  a  screen  over  it.  It  is  difficult  to  destroy  wood  bor- 
ers because  they  are  so  inaccessible. 


:i 


» 


\ 


SUMMARY. 


Fifty  million  acres  in  Wyoming  are  treeless.  About 
two  million  acres  are  now  under  ditch  and  large  tree  plant- 
ings are  needed  on  every  farm. 

The  influence  of  trees  makes  it  possible  to  grow  fruits 
and  other  plents  which  would  not  otherwise  succeed. 
Shelter  belts  are  invaluable  protection  to  live  stock.  With- 
out trees  our  landscape  and  homes  are  monotonous  and  un- 
attractive. 

As  a  people  we  should  give  more  thought  to  the  plant- 
ing, care  and  pruning  of  our  trees. 

Our  best  trees  for  wind-breaks,  shelter  belts  and  street 
planting  are  cottonwoods  and  willows.  Our  most  rapid 
growing  cottonwood  is  the  smooth  bark  or  Rydburg's.  Next 
in  value  are  the  broad  leaf,  black  or  narrow  leaf  cottonwood 
and  Balm  of  Gilead. 

The  cause  of  the  winter  killing  of  our  trees  is  believed 
to  be  their  drying  out  during  the  fall,  winter  and  spring.  The 
remedy  indicated  is  fall  and  winter  irrigation,  protection 
from  wind  and  sun,  catching  the  snow  and  any  method  to 
prcTent  evaporation,  as  mulching  the  ground  and  wra])ping 
the  trees. 

The  following  list  gives  the  trees  which  have  been  tried 
in  the  state  for  ornamental  or  other  planting,  arranged  so 
far  as  we  are  able  to  do  so,  in  the  order  of  their  hardiness, 
the  most  hardy  being  named  first :  Cottonwood,  Willow,  Sil- 
ver Spruce,  Douglas  Spruce,  Boxelder,  Hardy  Apples, 
Dwarf  Cherry,  Silver  Maple,  Cedar,  White  Ash,  Green  Ash, 
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Locust,  Elm,  Morello  (Cherries,  Plums,  Mountain  Ash,  Soft 
Maple,  Black  Walnut,  Butternut,  Birch,  Mulberry,  Catalpa. 

Our  cottonwoods  and  boxelders  have  been  more  injured 
bv  insects  than  other  trees. 

The  insects  doinpj  greatest  injury  to  trees  in  this  state 
are  plant  lice,  the  boxelder  leaf  roller  and  tent  and  other 
caterpillars. 

For  insects  which  f(»ed  by  sucking  the  juices  of  plantn, 
as  plant  lice,  spray  with  kerosene  emulsion.  Those  feeding 
upon  the  roots  may  be  destroyed  with  tobacco  and  bisul- 
phide of  carbon.  For  those  which  feed  upon  the  leaves,  use 
a  spray  of  Paris  Green.  For  ants,  use  bisulphide  of  carbon  or 
hot  water. 
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Alkali  Investigations. 


E.   E.  SLOSSON. 


THE  OflABAOTEB  OF  WTOMINO  ALKALI. 

The  Experiment  Stations  are  supported  for  the  purpose 
of  scientific  research  in  the  problems  of  agriculture  and  they 
are  located  in  diflPerent  states  in  order  that  ea^h  station  may 
study,  at  close  range,  the  conditions  of  the  region  that  sur- 
rounds it.  From  its  location  the  chief  problem  of  the  Wyo- 
ming Station  has  been  given  to  it  by  nature,  the  study  of  ari- 
dity, and  as  fast  as  possible  the  work  of  the  Station  has  been 
concentrated  on  this  subject.* 

The  chief  difficulties  in  the  way  of  agiiculture  in  the 
arid  region  are  two,  the  insufficient  supply  of  water  and  the 
accumulation  of  soluble  salts,  known  as  alkali.  The  second 
of  the  these  is  a  consequence  of  the  flret.  Where  watering 
is  done  by  rain,  pure  water  is  added  to  the  soil  and  drained 
oflp  underneath,  carrying  with  it  the  soluble  salts  of  the  soil. 
In  irrigation,  water  containing  salts  is  added  to  the  soil  and 
pure  water  evaporated  from  the  surface.  It  was  shown  in 
Bulletin  No.  24  that  half  a  ton  of  alkali  was  added  to  each 
acre  of  the  Sheridan  Farm  every  year  by  irrigation  and  the 
Jand  became  completely  useless  until  it  Was  drained. 

Samples  of  alkali  from  all  parts  of  the  State  have  been 
analyzed  and  the  complete  analysis  will  be  published  in  the 
next  annual  report.     It  will  be  sufficient  to  give  here  the 

*For  a  sumoiary  of  the  publications  of  the  Station  on  this  subject,  see  Eighth  Annual  Re- 
port, 18W.  pages  15-50. 
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general  result.  Almost  all  the  alkali  of  the  State  consists 
of  three  salts  in  varying  proportions,  so<fium  sulphate 
(Glauber's  salt),  magnesium  sulphate  (Epsom  salt)  and  so- 
dium chloride  (common  salt).  The  ^*black  alkali,"  sodium 
carbonate,  is  fortunately  verv  rare  as  it  is  much  more  in- 
jurious  than  the  other  salts.  Analysis  of  the  soils  of  the 
State  shows  that  the  j>ercent  of  soluble  salts  or  alkali  is  us- 
ually small,  often  extremely  so,  and  it  is  only  its  accumula- 
tion at  the  surface  that  causes  damage.  On  the  other  hand 
the  small  amount  of  water  in  the  soil  makes  the  alkali  more 
injurious  than  if  more  diluted,  for  it  must  be  reniembered 
that  it  is  not  the  total  quantity  of  alkali  in  the  soil  but  the 
strength  of  the  alkali  solution  that  is  of  importance.  For 
example,  if  the  soil  contains  10%  of  water  about  3%  of  com- 
mon salt  is  required  to  form  a  saturated  solution,  but  if 
there  is  only  5%  of  water  half  that  amount  of  salt  will  pro- 
duce the  same  effect  and  any  larger  amount  is  no  worse.  On 
iinirrigated  land  the  water  content  is  mostly  between  these 
limits.    (Bulletin  No.  :^5.) 

In  many  parts  of  the  state  the  alkali  salts  are  not  mixed 
together  and  distributtni  through  the  soil,  but  are  collected 
in  large  beds  of  single  salts  often  very  pure.  Near  Laramie 
there  are  beds  of  sodium  sulphate,  near  Rock  Creek  of  mag- 
nesium sulphate  and  near  Green  River  of  sodium  carbonate 
(sal  soda)  of  many  aci'es  in  extent  and  several  feet  in  thick- 
ness. Many  theories  have  been  advanced  as  to  the  origin  of 
these  "alkali  lakes,"  mostly  based  on  the  assumption  that 
they  must  have  been  made  from  the  decomposition  of  rocks 
containing  the  same  salts.  Since  there  are  no  rocks  in  the 
vicinity  whose  products  of  decomposition  at  all  resemble 
the  alkali,  the  advocates  of  this  theory  have  been  obliged 
to  construct  hypothetical  rocks  for  the  purpose.  If,  how- 
ever, we  remember  that  the  salts  deposited  from  solution 
depend  on  the  proportions,  temperature  and  concentration, 
and  need  not  be  at  all  the  same  as  the  salts  dissolved,  we 
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can  account  for  the  alkali  beds  without  taking  into  consid- 
eration the  origin  of  the  salts.  It  is  enough  for  us  to  know 
that  all  the  spring  and  river  waters  of  the  state  contain  the 
necessary  elements  and  the  problem  is  merely  to  separate 
them  into  the  forms  that  are  actually  found. 

The  salts  in  the  alkali  lakes  can  not  be  regarded  as  of 
any  certain  composition.  They  become  liquid,  that  is  dis- 
solve in  their  water  of  crystallization  on  a  warm  day  or  are 
dissolved  by  the  addition  of  rain  water  and  when  deposited 
by  cooling  or  evaporation  it  would  be  very  improbable  that 
the  same  forms  should  reappear  in  the  original  proportion. 
Then  too  the  addition  of  drainage  water  containing  more 
salts  must  change  the  equilibrium  and  cause  a  rean*ange- 
ment  to  form  new  salts.  This  may  account  in  part  for  the 
widely  variant  analyses  that  have  been  published,  and  ob- 
servations at  different  seasons  of  the  year  show  startling 
changes.  Sometimes  the  lake  is  fluid,  at  others  solid.  Some- 
times it  is  a  bed  of  large  clear  crystals  of  sodium  sulphate 
decahvdrate;  sometimes  the  white  anhydrous  sodium  sul- 
phate  covers  the  surface.  The  phenomena  can  be  watched 
very  prettily  by  dissolving  the  salts  in  a  beaker  of  water  in 
such  proportions  and  concentrations  as  to  be  in  unstable 
equilibrium.  If  the  temperature  of  the  room  varies  consid- 
erably the  form,  size  and  composition  of  the  crystals  will 
often  be  very  different. 

The  salts  contained  in  natural  alkali  are  remarkable 
for  the  number  of  their  phases.  We  have  in  the  natural 
waters  of  the  State  from  which  the  alkali  is  deposited,  the 
bases  sodium,  calcium  and  magnesium,  and  the  acids  car- 
bonic, sulphuric  and  hydrochloric.  There  are  also  some- 
times present  the  bases  potassium,  aluminum,  iron  and 
lithium,  and  the  acids  nitric,  boric,  silicic,  phosphoric  and 
reduced  sulphuric  acids,  but  only  in  such  small  quantities 
that  they  do  not  play  any  important  part  in  the  formation 
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of  the  alkali  deposits.  Evaporation  of  a  solution  contain- 
ing the  above  six  factors  might  form  nine  simple  salts  and 
a  great  number  of  double  salts  and  hydi^ates,  besides  me- 
chanical mixtures  of  all  these  in  any  proportion. 

It  would  be  impossible  to  prove  what  the  conditions 
were  under  which  beds  of  pui-e  salts  like  the  Wyoming  al- 
kali lakes  were  found,  because  the  concentrations,  propor- 
tions and  temperatures  at  the  different  stages  of  formation 
are  all  unknown  and  it  is  evident  that  theoreticallv  the 
same  result  could  be  obtained  bv  manv  different  reactions. 
Since  none  of  the  compounds  are  absolutely  insoluble  and 
since  natui^  has  unlimited  time  and  reagents,  we  must  re- 
gard any  reaction  as  i-eversible,  however  completely  it  may 
go  in  one  direction  in  the  laboratory.  But  it  is  not  impossi- 
ble that  a  consideration  of  the  simpler  reactions  of  these 
factors  may  throw  some  light  on  the  probable  way  in  which 
pun*  salt  deposits  have  been  formed.  Starting  with  a  solu- 
tion such  as  our  natural  waters  containing  the  bases  calci- 
um, magnesium  and  sodium  and  the  acids  carbonic,  sul- 
phuric, and  hydrochloric,  the  most  insoluble  compound  pos- 
sible would  be  first  precipitated.  This  is  calcium  carbonate 
or  a  mixture  of  calcium  and  magnesium  carbonates  forming 
beds  of  limestone  or  dolomite.  Calcium  carbonate  is,  how- 
ever, much  more  soluble  in  the  presence  of  other  salts  than 
we  usually  think  and  magnesium  carbonate  is  found  in  large 
amounts  in  water  of  the  state  containing  much  sodium  car- 
bonate. The  calcium  sulphate  would  next  be  deposited  in 
the  form  of  gypsum.  Beds  of  gypsum  of  great  thickness 
exist  in  many  parts  of  the  state,  as  at  Red  Buttes,  where 
l)laster  of  Paris  has  been  made  for  many  years,  and  it  is 
abundant  in  most  of  the  soils.  In  the  Laramie  Plains  gyp- 
sum was  found  at  intervals  in  boring  the  University  arte- 
sian well  to  the  depth  of  a  thousand  feet.  If,  as  is  generally 
assumed,  sodium  was  originally  extracted  from  the  rocks 
in  the  form  of  cjirbonate,  the  absence  of  this  salt  in  most  of 
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the  Htate  could  be  accounted  for  bv  the  well  known  reaction 
between  sodium  carbonate  and  calcium  sulphate  to  form 
sodium  sulphate  and  limestone.  This  has  been  used  in  prac- 
tical agriculture  on  the  advice  of  the  California  Station  to 
eliminate  the  more  injurious  black  alkali  or  carbonate.  In 
partri  of  the  state  where  sodium  carbonate  is  found,  as  at 
Ureen  River  and  Johnstown,  gypsum  is  of  course  absent,  or 
nearly  so. 

If  now  we  regard  both  the  calcium  and  the  carbonic 
acid  as  completely  precipitated,  we  have  left  as  possible 
compounds  magnesium  chloride  and  sulphate  and  sodium 
<hloride  and  sulphate.  Of  these,  magnesium  chloride  is  by 
far  the  most  soluble  at  ordinary  temperatures  and  would 
therefore  be  the  last  salt  deposited  and  the  first  washed  out 
from  an  alkali  bed.  In  all  the  alkali  and  waters  analyzed  in 
the  state  the  sulphates  are  in  large  excess  over  the  chlorides, 
80  we  may  regard  magnesium  chloride  as  practically  absent 
and  the  salts  formed  would  be  only  magnesium  sulphate, 
sodium  sulphate  and  sodium  chloride.  Analysis  shows  that 
almost  all  of  the  alkali  of  the  state  consists  of  these  three 
salts  in  varying  proportions.  There  are  beds  of  pure  mag- 
nesium sulphate  and  sodium  sulphate,  but  so  far  as  I  am 
aware  there  are  no  deposits  of  sodium  chloride.  Brines  ex- 
ist but  do  not  form  beds. 

These  three  salts  are  about  equal  in  solubility  at  ordi- 
nary temperatures  and  on  complete  evaporation  would  be 
deposited  together,  which  is  usually  the  case.  But  their 
relative  solubility  is  greatly  changed  by  a  variation  in 
temi)erature,  as  the  sodium  sulphate  is  much  more  soluble 
in  warm  than  in  cold  water,  while  with  sodium  chloride 
there  is  little  difference,  so  the  fall  in  temperature  in  a  sin- 
gle night,  which  is  often  great  in  the  arid  region  and  high 
•altitudes,  would  precipitate  a  thick  layer  of  crystallized  sul- 
phate which  would  not  dissolve  again  the  next  day.     In 
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memj  of  the  strong  alkali  lakes  this  can  be  observed  directly. 
In  cold  weather  the  bottom  is  covered  with  a  thick  bed 
of  pure  sodium  sulphate,  above  which  is  a  saturated  solution 
containing  much  chloride.  In  warm  weather  part  of  the 
bed  goes  into  solution  again.  In  winter  Great  Salt  Lake 
throws  up  on  the  shore  sodium  sulphate  crystaJs  in  bank» 
looking  like  snow  drifts.  The  magnesium  sulphate  beds 
might  have  been  formed  in  a  similar  way. 

It  is  possible  by  this  system  of  simple  reactions  to  ex- 
plain the  alkali  deposits,  although  it  is  evident  that  they  can 
be  theoretically  accounted  for  in  other  ways,  and  it  is  not 
necessary  to  assume  that  similar  deposits  have  an  identical 
origin.  All  that  is  intended  is  to  show  how  from  a  dilute 
solution  of  many  substances,  such  as  ordinary  spring  or 
river  water,  the  salts  actually  found  could  be  formed  and 
not  the  many  others  theoretically  possible.  It  is  not  neces- 
sary to  assume,  as  many  have  done,  that  the  original  rocks 
corresponded  in  composition  to  the  salts  left  in  evaporation 
of  their  leachings.  With  the  conditions  that  prevail  in  Wyo- 
ming, an  annual  evaporation  about  five  times  as  great  as  the 
rainfalJ,  a  porous  soil  and  scanty  vegetation,  such  an  ac* 
cumulation  and  differentiation  of  salts  is  quickly  accom- 
plished. One  can  start  with  a  good  soil  and  irrigate  it  with 
water  of  ordinary  composition  and  in  a  few  years  crystals  of 
pure  sodium  sulphate  may  be  picked  off  the  surface.  This 
experiment  has  unfortunately  been  repeated  on  a  great 
many  acres. 

The  principal  source  of  the  alkali  is  not,  however,  the 
water  used  in  irrigation,  but  the  beds  of  soluble  salts  that 
are  deep  in  the  soil.  As  soon  as  water  is  put  on  the  land 
these  salts  are  drawn  to  the  surface  by  evaporation.  The 
fact  that  the  soils  of  the  valleys  are  saturated  with  alkali 
ought  to  be  taken  into  consideration  in  the  proposed  estab- 
lishment of  reservoirs.     If  these  are  of  wide  extent  the 
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great  evaporation  of  these  regions  would  concentrate  the 
water  and  so  increase  the  per  cent  of  alkali  it  contains.  To 
this  the  alkali  leached  from  the  surrounding  soil  will  be 
added  and  there  is  dknger  that  water  so  stored  would  become 
injurious  rather  than  beneficial  to  the  land  which  received  it. 


ABSORPTION  OF  WATER  FROM  ALKALI  SOLUTIONS 

BT  SEEDS. 

Before  we  can  hope  to  do  much  to  mitigate  the  injuri- 
ous effects  of  alkali  on  plants  we  obviously  must  know  what 
that  effect  is.  How  does  the  alkali  limit  the  plant?  Al- 
though it  will  be  many  years  before  any  complete  answer 
can  be  given  to  that  question,  yet  the  study  of  the  subject  by 
the  Station  has  cleared  up  some  of  the  simpler  points.  For 
the  simplification  of  the  problem  it  was  divided  into  two 
parts,  the  effect  of  alkali  on  the  germination  of  the  seed 
and  its  effect  on  the  growth  of  the  plant.  Only  the  first  part 
of  the  work  will  be  made  public  here. 

The  effect  of  alkali  on  the  germination  of  seeds  depends 
OD  three  things,  the  kind  of  seed,  the  kind  of  alkali,  and  the 
concentration  of  the  alkali  solution.  Sometimes  the  seeds 
in  alkali  solution  are  killed,  sometimes  they  germinate  but 
very  slowly,  sometimes  they  germinate  more  quickly  as  com- 
pared with  those  in  pure  water.  The  usual  result  is  that 
the  seeds  are  delayed  in  germination  for  a  long  time.  Now 
in  Wyoming  the  season  is  too  short  anyway,  and  even  a  few 
days'  delay  will  make  the  difference  between  a  crop  and  a 
failure. 

A  necessary  preliminary  to  germination  is  the  absorp- 
tion of  water,  and  it  seemed  likely  that  the  retarding  effect 
of  the  alkali  on  the  gei-mination  was  due  to  its  hindering  the 
seed  from  absorbing  the  water  it  needed.  Experiments 
showed  that  this  was  the  case,  and  work  on  this  line  has 
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been  carried  on  in  the  clifiijiiral  laboiatoiy  for  about  tbree 
years  now.  The  teolmi«-al  ilelails  will  be  pubfisbed  iu  the 
annual  report  of  July  nest,  but  a  table  showing  tbe  renuits 
of  one  of  the  experiments  is  here  given  to  show  how  such 
work  is  oarried  on.  Wheat  was  the  seed  experimented  upon 
in  this  case  and  an  equal  weight  of  it  was  put  into  solutions 
of  the  common  alkalies  of  various  strengths,  pure  water,  and 
a  solution  of  sugar  iuti-oduced  for  comparison.  It  was 
found  that  tbe  absorption  of  water  was  influt^nced  not  by 
tbe  kind  of  alkali  or  the  strength  of  tbe  solution  but  purely 
by  the  osmotic  pressure.  Osmotic  )iressure  Is  not  generally 
understood  and  in  fact  is  a  comparatively  new  conception 
in  science,  but  it  is  easy  to  explain  what  it  meaus.  In  this 
case  it  simply  means  that  the  water  passes  throiigb  the 
little  coatings  in  the  seed  openings  more  easily  than  the  par- 
ticles of  salt,  and  coiisequoutly  a  seed  will  take  up  water 
more  rapidly  if  no  salt  is  pi-esent.  To  give  a  rough  illustra- 
tion, a  pump  supplying  city  water  works  will  get  more  water 
through  the  screen  of  the  intake  pipe  if  the  holes  of  the 
screen  are  not  partly  clogged  with  sand  and  drift  wood. 
In  this  exi>eriment,  the  solutions  of  sugar,  sodium  sulphate, 
magnesium  sulphate,  and  sodium  chloride  were  so  made  as 
to  have  the  same  osmotic  pressure,  and  it  will  be  seen  fi-om 
Amsunt  of  Water  Absorbed  by    Wheat  from  Sail  Solutions. 
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the  table  that  the  wheat  absorbed  just  about  the  same 
amount  of  water  from  each  of  these  in  the  same  length  of 
time.  Sodium  carbonate  ("black  alkali")  acts  differently, 
for  when  it  is  strong  it  attacks  and  destroys  the  seeds  them- 
selves, f^ome  seeds,  too,  give  quite  different  results.  Beans 
absorb  the  same  amount  of  water  when  put  into  a  saturated 
solution  of  common  salt  as  they  do  when  put  ihto  pure  wa- 
ter. The  dissolved  salt  apparently  passes  into  the  bean  as 
readily  as  the  water  and  destroys  its  power  of  germination. 
Rye  is  intermediate  between  wheat  and  beans  in  this  re- 
spect. 

To  decide  the  question  whether  the  absorption  of  water 
is  physical  or  physiological,  comparative  tests  were  made 
between  living  seeds,  and  seeds  in  which  the  power  of  ger- 
mination had  been  destroyed  by  age,  heat,  or  exposure  to 
formaldehyde  vapor.  Xo  difference  betw(»en  the  living  and 
dead  seeds  has  been  yet  observed,  so  it  appears  that  water 
is  drawn  into  the  seed  purely  by  such  physical  forces  as  sur- 
face tension  and  osmotic  pressure.  It  do(»s  not  appear  that 
the  salts  mentioned,  except  sodium  carbonate,  exert  any 
poisonous  influence  on  the  wheat.  It  g(»rminate8  readily 
when  removed  from  the  alkali  solutions  and  put  under  fa- 
vorable conditions. 

The  absorption  of  water  is  retardtni  and  diminished  by 
the  presence  of  salts  in  the  water,  but  not  prevented.  This 
is  due  to  the  fact  that  the  seed  allows  the  salt  to  pass  into  it 
though  not  so  readily  as  the  water.  The  volume  of  the 
swelled  seed  and  the  amount  of  salt  tliev  contain  has  bcn^n 
determined  and  it  appears  that  in  strong  solutions  enough 
salt  is  absorbed  to  make  the  solution  inside  the  sec*d  nearly 
the  same  strength  as  that  outside.  In  this  way  the  resist- 
ance to  absorption  of  water  due  to  osmotic  pressure  is  di- 
niinished.  The  same  means  of  obtaining  water  from  a  strong 
«alt  solution  is  probably  used  by  such  plants  as  the  salt  sage, 
which  contains  a  large  amount  of  mineral  salts.    This  has 
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the  double  advantage  of  aiding  the  plant  to  draw  water 
from  the  soil  and  to  keep  better  what  water  it  has,  because 
the  salts  dissolved  in  the  sap  lessen  the  evaporation. 

The  experimental  work  here  outlined  is  being  applied 
to  plants  as  well  as  seeds,  with  the  hope  of  finding  out  why 
it  is  that  crtain  plants  thrive  in  soil  containing  much  alkali 
and  little  water,  while  others,  sometimes  of  the  same  genus, 
will  die  under  these  conditions.  Experiments  on  low  forms 
of  life  show  that  they  can  be  made  immune  to  the  deleteri- 
ous effects  of  a  very  great  osmotic  pressure  by  slow  changes 
and  selection,  and  this  suggests  the  possibility  that  the 
same  can  be  done  for  higher  plants,  and  useful  vegetation  be 
grown  to  cover  the  acres  now  given  over  to  greasewood  or 
samphire. 


^ 
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FIELD  EXPERIMENTS. 

The  experiments  or  lines  of  investigation  under  way  in 
the  field  were  outlined  in  Bulletin  No.  29  of  this  station. 
While  it  can  not  be  said  that  any  of  this  work  has  been  com- 
pleted, some  results  have  been  obtained  which  are  of  inter- 
est. The  productive  area  of  the  Station  Farm  is  continually 
being  encroached  upon  by  the  rise  of  alkali  salts  on  the  lower 
parts  of  the  land.  At  the  same  time  the  greatest  cai-e  has 
been  exercised  in  our  irrigation.  It  can  not  be  laid  to  over- 
irrigation,  or  the  careless  handling  of  the  water  used.  We 
know  of  no  way  to  eflFectually  prevent  the  accumulation  of 
alkali  salts  upon  low  lands  which  have  no  drainage  outlet. 
It  is  possible  to  irrigate  land  which  has  considerable  slope 
without  allowing  any  appreciable  amount  of  waste  water  to 
escape,  but,  unless  the  land  is  level,  some  of  the  water  finds 
its  way  through  the  soil  or  subsoil  down  the  slope,  airrying 
a  quantity  of  the  soluble  salts  with  it.  If  there  is  good  drain- 
age the  salts  are  washed  out  of  the  soil  into  streams  and 
carried  off.  Where  there  is  no  outlet  of  this  kind  a  reservoir 
is  formed  in  which  the  salts  accumulate  just  as  water  col- 
lects in  a  lake  bed.  As  more  of  the  salts  are  washed  from  the 
bigher  gi'ound  the  accumulation  increases  and  more  land  is 
added  to  the  unproductive  alkali  waste. 

Where  the  process  of  leaching  has  not  begun  the  salts 
naturally  occur  distributed  through  the  soil  in  compara- 


46  Wyoming  Experitvent  Station. 


.  * 


1m     t 


tivelj  small  quantities.  Rmall  amounts  of  these  salts  are 
beneficial,  either  acting  direi'tly  as  plant  food  or  indirei*tly 
aiding  in  the  process  of  plant  nutrition.  The  fact  that  the 
soluble  portion  of  our  soils  has  not  been  leached  out  and 
carritnl  awav  bv  excessive  rainfall  accounts  for  such  lands 
iHMug  almost  if  not  quite  a^  rich  and  lasting  as  the  soils  along 
the  Nile,  which  receive  an  annual  supply  of  leachings  and 
sediment  from  the  head  waters  of  that  stream.  However, 
when  our  lands  are  brought  under  irrigation  and  cultivation 
there  seems  to  be  no  way  of  keeping  the  soluble  salts  scat- 
tered through  the  soil  as  they  were  originally.  When  water 
is  applied  they  move  downward.  By  the  percolation  of  water 
through  the  soil,  the  salts  are  carried  from  one  place  to  an- 
other, accumulating  where  the  water  accumulates.  When 
the  water  evaporates  from  the  surface  the  salts  in  solution 
are  left  behind  and  more  water  coming  up  from  below  con- 
tinually adds  its  freight  of  salts,  leaving  them  where  they 
can  do  the  most  damage  to  crops.  This  simple  principle  of 
the  movements  of  alkali  salts  in  the  soil  along  with  the  water 
furnishes  the  key  to  any  preventive  treatment  which  mu»t 
be  along  one  of  the  following  lines: 

1.  Irrigation  with  water  free  from  salts. 

2.  Preventing  seepage. 

3.  Draining  the  water  from  below. 

4.  Cultivating  or  t relating  the  surface  in  such  a  way  as 
to  prevent  evaporation,  which  bnngs  the  salt  to  the  surface. 

Over-irrigation  and  the  lack  of  most  intelligent  and 
thoughtful  management  brings  about  rapid  and  wide-spread 
destruction  of  the  most  fetile  lands.  Good  natural  or  arti- 
ficial drainage  will  enable  the  farmer  who  projierly  crops, 
cultivators,  and  irrigates  his  land  to  prevent  any  damag^e 
from  alkali,  ju'oviding  the  water  with  which  he  irrigates 
does  not  bring  large  amounts  of  salts  to  his  soil.*  But  there 
are  places  without  good,  natural  drainage  where  artificial 

♦For  ilata  of  the  amount  of  alkali  salts  actually  dcpjsitcd  upon  some  soUs  from  the  water 
used  in  irri^;.iiion,  ice  Wyoming  Siatiun  Hi|llftin  No.  *.*4.  '*  Water  Analyses.") 
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drainage  will  Ik*  too  expensive  for  years  to  come  and  where 
alkali  is  accumulating  more  or  less  rapidly.  As  yet  the 
farmer  has  no  market  for  his  crop  of  salts  and  unless  he  can 
80  treat  the  land  that  it  will  bring  some  return  he  is  better 
off  without  the  useless  acres  upon  which  the  taxes  are  the 
same  as  upon  the  rest  of  the  farm. 

All  this  discussion  leads  up  to  the  point  I  wish  to  make. 
Although  we  may  know  of  no  easy  or  cheap  method  of  re- 
claiming such  lands  so  all  crops  will  thrive  upon  them  we 
inay  make  them  productive  by  introducing  })lants  which  will 
P*ow  in  the  presence  of  large  amounts  of  alkali  salts.  Pro- 
fessor Hilgard  has  accomplished  a  great  deal  in  introducing 
alkali  resisting  plants  to  cultivation  in  Califoraia.  We  have 
^n  experimenting  with  su(*h  plants  for  some  time  and  are 
now  able  to  report  upon  a  few  of  them. 

We  have  found  very  few^  useful  plants  which  will  grow 
where  the  soil  contains  so  much  alkali  that  an  incrustation 
is  formed  on  the  surface.  Incrustation  of  our  ordinary  white 
alkali  on  the  surface  is  usuaJly  marked,  at  least  during  dry 
weather,  where  there  is  as  much  as  one  and  one  half  or  two 
percent  of  salts  in  the  first  two  inches  of  soil.  Such  an 
amount  of  salts  will  prevent  the  growth  of  any  of  the  cereals 
or  of  alfalfa.  Barley  and  rye  seem  to  stand  more  alkali  than 
will  wheat  or  oats.  I  believe  barley,  rye,  or  alfalfa  will  grow 
in  the  presence  of  as  much  as  one  percent  of  our  ordinary 
white  alkali,  (sulphates  of  soda  and  magnesia),  in  two  inches 
of  surface  soil,  providing  the  water  level  is  not  nearer  the 
surface  than  two  or  three  feet.  T'sually  where  there  is  so 
much  alkali  as  this,  which  has  accumulated  from  irrigation 
above,  the  water  comes  near  the  surface,  leaving  the  soil 
saturated  most  of  the  time.  Where  this  occurs  Jess  than  one- 
half  of  one  percent  of  salt  along  with  the  water  is  fatal  to 
such  crops.  Upon  soils  containing  about  two  percent  of 
salts  in  the  first  two  inches  we  have  tried,  without  success, 
rye,  wheat,  barley,  oats,  alfalfa,  and  Russian  sunflowers. 
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Brome  grass  and  led  top  have  been  partially  successful.  Our 
experiments  with  them  have  not  been  extensive  enough  to 
reach  final  conclusions. 

The  following  alkali-resisting  plants  need  spe<*ial  men- 
tion. 

SALT  SAGES  OR  SALT  BTTSHES  (Species  of  Atriplex). 

Just  now  many  enterprising  seedsmen  are  advertising 
the  "Australian  Salt  Bush,"  (Atriplex  semihaccatum),  urging 
farmers  to  purchase  the  seed  for  sowing  upon  their  alkali 
lands.  It  has  been  very  successful  in  Ca.lifomia,  where  it 
produces  large  yields  of  forage.  However,  it  is  a  warm 
climate  plant  and  does  not  succeed  in  Wyoming.  We  have 
given  it  careful  trials  at  Laramie,  Lander,  and  Sheridan.  At 
Laramie  it  only  made  a  small  growth  the  first  seaaon.  At 
Sheridan  its  growth  was  thrifty  the  first  summer.  The 
Superintendent  of  the  Sheridan  Farm,  Mr.  Lewis,  stated  that 
he  had  difficulty  sa\ing  the  plants  from  destruction  by  what 
he  called  "the  common  beet  bug/'  or  "the  long  gray  potato 
bug."*  By  a  liberal  use  of  Paris  green,  the  insects  were  de- 
stroyed. The  plants  made  a  spreading  growth,  almost  cover- 
ing the  ground  by  the  time  of  frost.  None  of  the  plants  lived 
through  the  winter  at  any  of  the  places  they  were  tried. 

There  are  a  number  of  species  of  atriplex,  closely  related 
to  the  Australian  Salt  Bush,  found  native  in  the  State,  which 
grow  in  alkali  lands.  Some  of  them  are  of  much  importance 
as  forage  plants.  The  more  promising  of  these  are  being 
studied  by  our  Botanist,  who  is  co-operating  with  this  de- 
partment in  attempting  to  introduce  them  into  cultivation 
and  determine  their  value  for  wider  distribution.! 

*This  insect  bi  one  or  the  Blister  Beetles  {Epicauta  x/  f).  It  has  done  considerable  dam- 
age to  beets  and  potatoes  in  parts  of  the  state,  especially  in  Sheridan  and  Crook  counties. 

fA  valuable  contribution  to  our  knowledge  of  the  forage  plants  which  grow  in  the 
alkali  soils  of  our  state  is  contained  in  Bulletin  No.  13  of  the  Division  of  A^rostologv  of  the 
United  Slates  Department  of  Agriculture,  entitled  "The  Red  Desert  of  Wyoming  and  lis  For- 
age Resources."  written  by  Professor  Aven  Nelson  of  this  Station.  In  this  bulletin  the  salt 
sages  and  other  plants  found  growing  in  alkali  places  are  discussed,  with  data  relating  to  their 
value  as  food  for  range  stock  and  suggestions  as  to  usefiilness  of  certain  species  if  brought  under 
cultivation. 
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Plants  of  this  character,  which  take  up  large  amounts  of 
the  alkaJi  salts,  will  naturally  aid  in  removing  the  salt  from 
the  soil  with  the  crop.  Stockmen  have  long  appreciated  this 
property  of  the  salt  sage,  regularly  making  use  of  it  as  food 
for  their  range  stock,  to  avoid  the  necessity  of  purchasing 
common  salt  for  them. 

ENGLISH  RAPE. 

Dwarf  Essex  Rape  was  planted  upon  the  Experiment 
Farm  two  seasons,  being  sown  upon  strong  alkali  soil  which 
would  not  produce  grain  or  alfalfa.  In  1894  a  rather  thin 
stand  was  obtained.  The  soil  was  very  damp  all  summer. 
About  the  first  week  in  August  the  rai>e  began  to  make  a 
rank  growth.  When  cut  on  September  3  it  yielded  at  the 
rate  of  a  little  over  fourteen  and  one-half  tons  of  green  fod- 
der per  acre.  In  1896  rape  planted  on  strong  alkali  ground 
\  also  made  excellent  growth.  Rape  is  attracting  much  atten- 
tion as  a  soiling  crop  or  as  forage,  especially  for  sheep. 
While  it  is  an  annual  plant  it  may  prove  of  value  upon  alkali 
soils  in  the  state. 

BOKHARA  OR  WHITE  SWEET  CLOVER. 

{Melilotus  alha,) 
At  Laramie  and  at  Sheridan  sweet  clover  has  made  large 
growth  upon  strong  alkali  soils.  Unfortunately  it  seems  to 
be  of  little  or  no  value  unless  it  be  as  a  honey  plant  for  bees, 
though  I  have  been  told  it  is  cut  and  baled  for  cattle  food  in 
parts  of  L'tah.  Heretofore  I  have  warned  our  farmers  not 
to  plant  this  clover  on  account  of  its  spreading  to  places 
where  not  wanted  and  becoming  a  troblesome  weed,  where 
allowed  to  ripen  its  seed.*  Recent  experiments  indicate  that 
it  may  be  of  some  value  for  alkali  land,  to  improve  the  soil 
before  planting  other  crops.     In  1897  an  alkali  plat  was 

*See  Wyoming  Station  Bulletin  No.  16,  page  236.  In  this  connection  Professor  Hilgard 
has  told  me  that  in  (^lifomia,  where  sweet  c'over  became  a  weed  in  wheat  Aelds,  millers  refused 
to  boy  the  wheat,  as  it  became  tainted  with  the  strong,  peculiar  odor  of  the  clover  seed  and  com- 
plaint was  made  that  the  flour  from  such  wheat  made  eingerbread.  If  planted  for  any  purpose  it 
should  not  be  allowed  to  spread,  but  all  plants  should  be  cut  when  in  bloom  to  prevent  the  pro- 
doction  of  seed.     It  is  a  biennial,  producing  its  seed  the  second  year  and  then  dying. 
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planted  to  sweet  clover.  This  season,  1898,  at  the  time  it  was 
.  in  blossom  it  had  produced  18.4  tons  of  green  tops  per  acre, 
and  was  plowed  under  for  green  manure.  The  average 
height  of  the  plants  was  5.2  feet  and  computed  as  dry  hay 
the  yield  was  over  four  and  one-half  tons  per  acre.  It  was 
diflficult  to  plow  under  so  large  a  crop.  Like  other  legumin- 
ous crops  this  clover  takes  nitrogen  from  the  air  by  means  of 
the  little  tubercles  on  the  roots.  The  roots  of  those  plants 
which  we  examined  were  literally  covered  with  these  tuber- 
<'le8,  which  indicates  that  sweet  clover  may  prove  of  value  as 
a  nitrifying  agent.  Adding  nitrogen  to  the  soil  by  the  roots, 
<?ombined  with  plowing  under  the  rank  growth  of  tops  to  im- 
prove the  soil  tilth  and  add  humus,  it  is  believed  will  make 
the  land  much  more  productive. 

SUGAR  BEETS. 

Sugar  beets  thrive  well  upon  soils  strongly  impreg- 
nated with  alkali  salts.  It  is  claimed  that  excess  of  chlorides 
in  the  soil  upon  which  beets  are  grown,  seriously  interferes 
with  the  crystallization  of  the  sugar  in  the  process  of  manu- 
facture. This  would  give  no  trouble  here  as  only  smaU 
-amounts  of  chlorides  are  present  and  the  sulphates  do  not 
have  the  same  eftect. 

As  yet  we  have  no  sugar  factories,  but  the  beets  are  in- 
valuable as  stock  food.*  Where  fattening  stock  or  milch 
<<)ws  are  to  be  fed  during  the  winter,  it  will  pay  to  raise 
sugar  beets  to  mix  with  other  food.  The  beets  may  be  raised 
upon  the  alkali  part  of  the  farm,  but  in  order  to  produce 
large  yields  the  land  should  be  fertilized  the  same  as  any 
other  soil  upon  which  beets  are  to  be  grown. 

In  1897  and  189S  we  grew  sugar  beets  upon  soil  practi- 
cally free  from  alkali,  and  upon  soil  containing  so  much  al- 
kali that  ordinary  crops  would  not  grow.  The  composi- 
ti(m   of  the  alkali   as   shown   by  analysis   made  by   Mr. 

•See  Wyoming  Station  Bulletin  No.  30,  "  Stock  Feeding  at  Lander." 
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Fairlield  in  the  spring  of  1897  was  Sodium  and  Potassium 
rhlorides  14.39%,  Sodum  Sulphate  50.16%,  Magnesium  Sul- 
phate 20.03%,  and  Oalcium  Sulphate  15.41%.  (Bulletin  No. 
29,  p.  22S).  The  soil  was  not  fertilized  in  either  case  and  the 
rield  was  much  larger  on  the  alkali  soil.  In  1897  the  beets 
were  analyzed  by  the  Y,  S.  Department  of  Agriculture,  show- 
ing a  large  percent  of  sugar  and  high  purity.  The  results  are 
given  in  the  following  table: 

Sugar  Beets  at  Laramie. 

Yield     <  Sugar  in 
Per  Acre,  I      Be-t.       Purity 
Pound  i.  i  Perrent.  i 


Year.  Kind  of  Land. 


\m I 


Without  alkali 
Strong  alkali 


]^^  S  !  Without  alkali 
^     Strong  alka'i 


11.043  10.0     89.2 

14.486  197     88.1 


5.986  I 

12.632  17.5 
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RECLAMATION  OF  ALKALI  SOILS. 

The  old  saying  that  "an  ounce  of  prevention  is  worth  a 
pound  of  cure"  is  in  place  here.  While  it  may  be  impossible 
to  prevent  the  accumulation  and  rise. of  alkali  on  certain 
portions  of  the  farm,  by  taking  the  matter  in  hand  early 
the  time  of  land  becoming  unproductive  may  often  be  almost 
indefinitely  posponed.  The  low  ground  where  it  is  expected 
alkali  will  first  come  to  the  surface  should  be  kept  in  some 
cro]i.  as  alfalfa,  which  will  shade  the  ground  the  greater 
part  of  the  time,  or  planted  to  such  crops  as  can  be  thor- 
oughly cuJtivated  to  loosen  the  surface  and  prevent  evapora- 
tion. 

The  only  experiments  we  have  made  in  reclaiming  have 
been  by  open  ditch  draining  at  Sheridan.  In  the  summer  of 
1^5  one  hundred  and  fifty  rods  of  open  ditch  were  dug  to 
drain  about  ten  acres  of  the  north-west  corner  of  the  farm. 
The  soil  of  the  farm  is  underlaid  with  hardpan  and  the  leach- 
ingfi  of  alkali  from  the  higher  land  followed  along  this  hard- 
pan  to  the  lowest  part,  where  the  salts  came  to  the  surface. 
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A  part  of  the  time  the  water  level  was  as  hip^h  as,  or  above 
the  surface  of  the  ground,  and  so  much  alkali  collected  there 
that  even  weeds  which  ordinarily  thrive  in  the  presence  of 
such  salts  would  not  grow.  In  1896,  one  hundred  and  twenty 
rods  of  additional  ditch,  two  feet  deep,  was  dug.  The  follow- 
ing extracts  from  the  annual  reports  of  Superintendent 
Lewis  since  1895  indicate  with  what  success  the  ditches  have 
aided  in  reclaiming  the  land. 

Extract  from  Report  of  1895:  "Our  one  hundred  and 
fifty  rods  of  ditch  made  during  the  summer  will.  I  think, 
prove  a  great  benefit  to  the  alkali  land.  The  water  does  not 
stand  on  the  surface  as  it  did." 

Report  of  1896:  "Have  made  one  hundred  and  twenty 
rods  of  new  ditch,  connecting  with  ditch  made  during  1895, 
which  is  doing  much  good  in  reclaiming  the  alkali  laud." 

Report  of  1897:  "I  consider  our  experiment  with  drain 
ditches  has  done  and  will  do  a  great  amount  of  good  in  re- 
claiming the  land.  Land  that  has  been  a  white,  smooth 
alkali  bed  for  the  last  three  vears  is  now  all  covered  with  a 
heavy  growth  of  weeds  and  grass,  there  being  but  little 
alkali  which  is  apparent  to  the  passer-by." 


EFFECTS  OF  DIFFERENT  ALKAU  SALTS  ON 

SEED  GERMINATION. 

As  a  continuance  of  the  laboratory  work  on  seed  ger- 
mination begun  in  1896  and  reported  in  Bulletin  No.  29,.  Mr. 
W.  H.  Fairfield  planned  and  carried  out  quite  an  extensive 
experiment  to  show  the  comparative  effects  of  the  different 
alkali  salts.  The  credit  for  this  experiment,  the  careful  man- 
ner in  which  it  was  carried  out  and  the  full  notes  and  tabula- 
tions of  the  results  belong  wholly  to  Mr.  Fairfield,  a  large 
part  of  whose  time  was  devoted  to  an  enthusiastic  study  of 
the  matter  in  hand.  The  experiment  was  finished  in  March 
of  the  present  year  and  resulted  in  data  of  much  interest  and 
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value.  In  order  to  substantiate  the  results  obtained,  a  part 
of  the  experiment  was  repeated  in  November  to  check  the 
results  by  bringing  the  seeds  into  contact  with  the  alkali  so- 
lutions in  a  different  way.  The  general  results  of  the  check 
are  so  close  to  those  in  the  original  investigation  that  they 
lead  to  the  same  conclusions. 

It  is  not  our  purpose  here  to  make  a  full  report  of  the 
experiment  or  a  technical  discussion  of  the  results.  There 
are  some  points  of  interest  and  value  to  the  general  reader, 
however,  which  we  wish  to  note  briefly.  It  is  expected  the 
full  report  of  the  work  with  diagrams  and  tables  wiJl  be  pub- 
lished in  the  annual  report. 

Beeds  of  wheat  and  rye  were  germinated  in  pure  water 
and  in  solutions  of  carbonate  of  soda  (black  alkali),  chloride 
of  soda  (common  salt),  sulphate  of  soda  (glauber  salt),  sul- 
phate of  magnesia  (epsom  salt),  and  in  sugar  syrups  the 
strength  of  which  varied  in  the  same  percents  as  those  of  the 
tsalts  used.  Each  of  the  salts  used  and  the  sugar  were  ap- 
plied to  the  seeds  in  strengths  of  one  tenth  of  one  percent, 
four  tenths  of  one  percent,  seven  tenths  of  one  percent,  one, 
two,  three,  four,  Ave,  seven,  and  nine  percent  solutions.  The 
sugar  was  used  to  throw  light  upon  a  technical  point,  which 
had  been  suggested  by  Professor  Blosson,  whether  the  re- 
tarding effect  was  due  to  the  osmotic  pressures  exerted  by 
the  different  salt  solutions.  The  experiments  show  that  this 
is  the  case  and  the  fact  throws  much  light  u])on  the  manner 
in  which  the  injury  to  seed  germination  or  plant  growth 
takes  i>lace. 

In  these  experiments  it  has  been  a  most  notable  fact  that 
small  amounts  of  alkali  salts  are  beneficial  or  at  least  that 
they  accelerate  instead  of  retard  germination.  No  doubt 
small  amounts  present  in  the  soil  also  assist  in  the  life  of  the 
plant,  either  stimulating  its  growth  or  acting  directly  as 
plant  food. 
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spire  water  and  change  the  result.  There  are  many  irregu- 
larities in  the  table,  probably  due  to  difference  in  the  pots 
themselves,  but  the  general  result  is  the  same.  From  the 
pots  containing  no  alkali  17.7  c.  c.  were  evaporated  each 
day,  while  the  amounts  of  water  lost  from  those  pots  con- 
taining 9  %  solutions  (equivalent  to  2.2%  alkali  in  soil  with 
24.5%  moisture)  was  approximately  one  half  as  much. 

Injluence  of  Alkali  Salts  on  Evaporation  of  Water  from  Pots. 

c.  c.  of  water  evaporated  per  day.  * 


SALT. 


Water  lost  in  c  c.  .   . 
Sodium  Carbonate . . 
Sodium  Chloride.. 
Sodium  Sulphate. .  . 
Magnesium  Sulphate. 
Sugar 


Per- 

cent. 

0 

c.  c. 
17.7 
177 
17.7 
17.7 
17.7 
17.7 


Per-    Per. 

Per- 

Per- 

Per- 

Per-   Per-  i 

Pea 

Per- 

cent. cent. 
0.1  1   0.4 

cent. 
0.7 

cent- 
10 

cent. 
2.0 

cent.  cent. 
3.0      4.0 

cent" 
5.0 

cent, 
7.0 

c.  c.    c.  c. 

1 

c.  c.    c.  c. 

c.  c. 

c.  c.    c.  c. 

c  c. 

c.  c. 

17.5    14.7 
15.4    14.1 
18  1     15.0 
17.4  1  13.1 
11.1    15.4 

13.8 
14.0 
10.7 
11.4 
13-6 

121 
12.3 
16.9 
13.1 
129 

12.6 
109 
12.5 
11.4 
12.4 

13.1  ♦8.2 
9.7  i    9.5 

10.9  7  3 
92  ;  11.3 

10.2  i  10  1 

10.3 
79 

8.2 
8.4 
9.7 

104 
8.9 

101 
8.2 
9.4 

Per- 
cent. 
9.0 

c.  c. 

•8.5 
8.5 
9.6 
65 
8.8 


•Average  lor  9  days. 


\ 


UNIVERSITY  OF  WYOMING. 

Agricultural  College  Department. 


WYOMING  EXPERIMENT  STATION, 

LARAMIE,  WYOMING. 


JANUARY,  1899. 


Tkt  Tniiii  of  Wyoii  il  How  to  Iiof  ta 


BY  AVEN  NELSON. 


Bulletins  will  be  sent  free  upon  request.     Address  :    Director  Experiment 
Station,  Laramie,  Wyo. 


~(ii) 


Wymiili  AEriciiiriil  Emeimit  Mi 


UNIVERSITY  OF  WYOMING. 


BOARD  OF  TRUSTEES. 

Hon,  OTTO  GRAMM,  President,  Laramie 1903 

GRACE  RAYMOND  HBBARD,  B.  S.,  Ph.  D.,  Secretary,  Clieyenne.1903 

HENRY  L.  STEVENS,  B.  S..  M.  D.,  Laramie. 1903 

Hon.  TIMOTHY  F.  BURKE,  LL.  B.,  Vice  President,  Cheyenne..  1901 

Hon.  JOHN  C.  DAVIS,  Treasurer,  Rawlins 1901 

Hon.  NATHAN  S.  BRISTOL,  Casper 1899 

Hon.  MELVILLE  C.  BROWN,  Laramie 1899 

Prof.  JAMES  O.  CHURCHILL,  M.  A.,  Cheyenne 1899 

Hon.  JAMES  A.  McAVOY,  Lander 1899 

Hon.  THOMAS  T.  TYNAN.  State  Supt.  Public  Instruction.  .Ex-OfElclo 
President  ELMER  E.  SMILEY,  B.  A.,  B.  D Ex-Officlo 

Aqricultural  Committcc  of  the  Board  of  Trustees. 

H.  L.  STEVENS.  Chairman Laramie 

OTTO  GRAMM Laramie 

M.C.BROWN Laramie 


President  of  the  University  of  Wvominq. 
ELMER  E.  SMILEY.  B.  A.,  B.  D. 


Station  Council. 
B.  E.  SMILEY.  B.  A.,  B.  D Director 

B.  C.  BUFFUM,  M.  S..  Vice  Director,  Agriculturist  and  Horticulturist 

A.  NELSON,  M.  S.,  M.  A ^ Botanist 

E.  E.  SLOSSON,  M.  S Chemist 

W.  C.  KNIGHT.  M.  A Geologist 

C.  B.  RIDGA WAY.  M.  A Physicist  and  Meteorologist 

G.  R.  HEBARD,  M.  A.,  Ph.  D Secretary 


SUPERINTENOENtS. 

W.  H.  FAIRFIELD,  M.  S Wyoming  University  Experiment  Farm 

The  Horticulturist  in  Charge, 

Wyoming  University  Experiment  Grounds 


> 


\ 


Interest  in  Nature- 
How  develope'd 59 

Condition  in  Wyoming 59 

Increasing  interest  elsewhere 61 

Development  of  interest 63 

A  case  in  point 63 

Forest  Reservations — 

Influence  of  forests 65 

Plea  for  a  protective  policy 67 

Names — 

Common  names 68 

Latin  names 69 

Trees'  of  the  State — 

Tree  defined 70 

Key  to  the  genera 71 

Pine  family  {^PinacccB) 72 

Willow  family  [Salicacece) 89 

Birch  family  {Betulacece) 97 

Beech  (Oak)  family  [Fagacece) 99 

Maple  family  {Aceracece)    loi 

Olive  (Ash)  family  {Oleacece) 103 

Plum  family  {Drupacece) 104 

Apple  family  (Pomacece) 105 

Oleaster  family  {Elceagnacece) 108 


\. 


THE  TREES  OF  WYOMING 

.    .    .    AND    ... 

HOW   TO  KNOW  THEM. 


AVEN    NELSON. 


INTEREST  IN  NATURE. 

•*In  Nature's  infinite  book  of  •ecrecy, 
A  little  I  can  resid." —Shakes^are. 

How  Developed.— --We  are,  as  a  matter  of  course, 
|V  indifferent    to   individuals  and  subjects  to  which  we  are 

A  strangers.     Personal  interest  in  and  love  for  a  thing  are 

I'  the  result  of  intimate  acquaintance  with  the  worthy  ob- 

ject. We  read  of  love  at  first  sight,  but  that  affection 
that  makes  us  willing  to  serve  and  defend  the  one  or  the 
thing  that  we  cherish  is  evolved  only  through  continued, 
helpful  association.  No  subject  of  human  interest  has 
been  promoted  or  defended  worthily  except  by  those  who 
were  its  friends  because  they  had  real  knowledge  of  its 
j  worth.      The  beauties  of  literature  are  evident  to  those 

I  only  who  through  intimate  knowledge  of  it  are  prepared 

[  to  feel  its  power.     Science  is  advanced  by  those  who  have 

comprehended  its  aims  and  are  thereby  made  its  devotees. 

I    9L 

L  4  Nature  appeals  with  feeble  voice  to  him  who  is  a  stranger 

f  to  her.      A  Thoreau,   a  Burroughs  and  a  Lubbock  were 

•cradled  in  her  opulent  lap  and  there  learned  the  secrets 

that  they  so  lovingly  express. 

The  Condition  in  Wyoming. — In   this  fair  state 
many  of  us  seem  to  have  been  too  busy  to  hold  commun- 
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ion  with  Nature  s  visible  forms.  Because  we  lack  know- 
ledge concerning  her  we  have  been  indififerent  to  her  lan- 
guage and  her  inspiring  beauty.  With  the  sterner 
aspects  that  present  themselves  in  bleak,  wind-swept 
plain,  in  the  roaring  blizzard,  and  in  the  beetling  crag  of 
mighty  mountain  we  are  all  familiar.  We  are  often  near- 
ly strangers  to  her  more  lovely  traits  because  these  de- 
velop outside  the  beaten  paths.  Yet  some  there  are  who- 
have  learned  to  know,  and  knowing  have  learned  to  love 
her  in  her  gentler  moods: — have  learned  to  know  that 
here  beneath  the  bluest  skies,  softest  breezes  play;  that 
fragrant  flowers  of  rare  beauty  deck  every  hillside;  that 
sweet  streams  murmur  in  every  mountain  valley;  that 
many  a  crystal  lake  mirrors  sky  and  shore;  that  emerald 
mosses  occur  in  every  shaded  nooK  and  lichens  cover 
every  rock  and  crag  with  gayest  yellow  and  softest  gray; 
that  stately  trees  crown  many  a  hilltop  and  forests  dark 
and  dense  clothe  in  solitude  every  mountain  side. 

We  are  rich  in  those  elements  of  natural  scenery 
which  appeal  to  the  higher  sentiments  of  our  nature,  but 
too  often  we  are  forced  to  live  so  apart  from  them  that 
we  miss  much  of  the  good  that  ought  to  come  to  us  from 
that  source.  Three-fourths  of  the  people  of  Wyoming^ 
live  in  towns  upon  the  various  lines  of  railroad.  Two- 
thirds  of  these  towns  are  situated  on  the  open  and  com- 
paratively barren  plains.  In  some  of  these  many  of  the 
first  settlers  thought  of  them  simply  as  temporary  places 
of  abode.  This,  added  to  the  natural  difficulties  encoun- 
tered in  adorning  the  home  and  public  grounds,  left  our 
homes  in  desert-like  places  and  our  lives  impoverished 
from  a  lack  of  those  things  to  which  our  sentiments  would 
cling  through  all  the  passing  years. 
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Who  among  us,  of  maturer  years,  does  not  recall 
with  interest  or  almost  worshipful  affection  some  stately 
tree,  shaded  lane  or  secluded  forest  nook  of  our  child- 
hood's home  ?  But  there  are  towns  in  our  state  today 
without  a  tree  or  shrub  or  even  a  bit  of  lawn.  Our  chil- 
dren are  missing  that  element  of  refinement  which  comes 
from  beautiful  surroundings  outside  the  home.  Girls  and 
boys  are  nearing  maturity  in  some  localities  in  the  state 
to  whom  any  tree  would  be  of  interest  and  to  whom  a 
glimpse  of  a  fruit  tree  in  blossom  would  be  as  a  glimpse 
into  Paradise.  There  are  homes  in  abundance  where  the 
sentiment  expressed  in  the  following  lines  would  find  no 
answering  chord: 

"Woodman  spare  that  tree, 
1%  Touch  not  a  tingle  bow ; 

\  In  youth  it  sheltered  me 

And  rU  protect  it  now." — Morris. 

Increasing  Interest  Elsewhere. — In  many  parts 
of  America,  Nature  has  been  so  prodigal  in  the  distribu- 
tion of  her  trees  that  what  we  owe  to  them  has  been 
poorly  appreciated.  Just  now,  however,  a  great  wave  of 
interest  and  enthusiasm  is  sweeping  over  the  country 
which  it  is  hoped  will  make  trees  and  forests  as  cherished 
here  as  they  have  been  for  centuries  in  the  old  world. 
Shall  not  Wyoming  have  a  part  in  this  growing  interest } 
Shall  we  not  learn  something  of  the  treasures  of  our  hills 
^  and  mountains  .^     Shall  we  not   bring   into  our  lives   and 

'  into  the  lives  of  our  children  some  part  of  the  enjoyment 

and  help  that  comes  to  those  who  are  in  touch  with  Na- 
ture.^ Sir  John  Lubbock  says :  **The  love  of  nature  is 
a  great  gift,  and  if  it  is  frozen  out  or  crushed  out.  the 
character  can  hardly  fail  to  suffer  from  the  loss."  If  this 
be  true  it  would  be  well  for  us  to  remember  that  this  ele- 


tl.    "THE  OLD  HOME." 


III.     "THE  NEW  HOME  '■ 

TREES    vs.  TREELESSNESS. 


■i 

The  Trees  of  Wyoming.  6j 

^ — 

ment  in  our  character,  if  it  is  to  grow  or  even  to  live, 
must  have  something  to  feed  upon.  We  must  surround 
ourselves  with  those  natural  elements  of  beauty  to  which 
our  sentiments  can  go  out.  These  are  prodigally  abun- 
dant in  our  mountains,  but  Nature  has  dealt  less  kindly 
with  our  great  plains. 

Development  of  Interest. — We  must  look  before 
we* can  expect  to  see;  we  must  see  before  we  can  know; 
we  must  know  befo^re  our  interest  will  be  aroused;  our  in- 
terest must  be  aroused  before  we  will  exert  ourselves  to 
bring  about  the  clothing  of  even  our  home  grounds  with 
those  grandest  elements  of  beauty  in  any  lanescape — trees. 

**No  tree  in  all  the  grove  but  has  its  ch»im%."—Cowper. 

y  Knowledge    brings    interest,   interest    brings    action. 

I  But  to  whom  may  we  appeal  to  disseminate  this  know- 
ledge }  Surely  to  all  who  have  ever  loved  the  trees  of 
the  old  home;  to  all  whose  children  are  growing  to  man- 
hood or  womanhood   in   any  treeless   town;  to  all  whose 

• 

ranch  homes  lie  upon  the  wind-swept  plains,  and  es- 
pecially to  those  into  whose  hands  we  are  entrusting  the 
mental  training  of  our  children.  Yes,  we  can  certainly 
hope  that  our  teachers  will  interest  themselves  in  this 
branch  of  nature  study  that  promises  so  much  of  good  to 
the  individual  pupils  and  to  the  community  as  a  whole. 

A  Case  in  Point. — The  early  explorer  who  ven- 
f  tured  beyond  the  Missouri  and  the  pioneer  settler  in  what 
is  now  Nebraska  found  the  whole  trans-Missouri  region  a 
treeless,  wind-swept  plain,  the  more  western  part  at  least 
being  included  in  the  hypothetical  **  Great  American  Des- 
ert." Little  by  little  the  boundaries  of  this  desert  are 
contracting  and  we  may  hope  for  its  ultimate  extinction. 
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Nebraska,  recently  the  treeless  state  of  the  Great 
plains,  is  no  longer  treeless.  Orchards  here,  shady  lanes 
there,  and  groves  yonder  meet  the  eye  of  the  traveler  as 
he  is  whirled  across  its  broad  acres.  No  longer  can  the 
eye  follow  the  landscape  until  the  gray  of  the  undulating 
hills  blends  with  the  gray  of  the  sky  on  the  distant  hori-  . 
zon.  Its  transformation  in  one  generation  from  dreary 
treelessness  to  restful  though  animated  homelikeness  must 
be  considered  one  of  the  achievements  of  the  age.  This 
result  is  certainly  one  of  the  factors  that  have  contrib- 
uted to  the  greatness  of  our  neighboring  commonwealth. 

One  of  the  most  potent  influences  in  bringing  about 
this  desirable  result  has  been  the  awakening  of  a  public 
sentiment,  in  regard  to  trees,  the  like  of  which  has  no- 
where else  in  the  United  States  been  secured — and  all  this 
largely  through  the  schools.  The  school  touches  every 
home.  Let  the  light  of  enthusiasm  shine  out  in  the 
teacher,  then  soon  the  whole  school  is  ablaze  with  eager- 
ness and  the  reflection  extends  even  beyond  the  neigh- 
borhood bounds. 

This  sentiment  for  trees  and  enthusiasm  for  tree 
planting  reached  its  climax  in  Nebraska  in  the  years  im- 
mediately following  the  establishment  of  Arbor  Day,  at 
the  suggestion  of  Hon.  J.  Sterling  Morton.  He  will  be 
gratefully  remembered  for  that  act  long  after  his  other 
public  services  have  been  forgotten,  not  only  in  Nebraska 
but  in  all  the  states  where  Arbor  Day  has  become  an  es- 
tablished institution — an  institution  the  observance  of 
which  is  now  all  but  universal. 

Speed  the  day  when  interest  in  this  subject  shall 
sweep  over  Wyoming,  and,  to  hasten  its  coming,  may  we 
not  hope  to  enlist  the  co-operation    of    all    the    teachers 
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within  our  borders  ?  Pupils  and  parents  will  alike  be  in- 
terested  in  the  trees  of  the  state  in  their  homes  and  in  their 
relation  to  ours.  In  what  way  can  we  better  begin  to  de- 
velop this  interest  than  by  learning  to  know  them  ?  We 
shall  then  soon  find  springing  up  a  desire  to  enjoy,  to  own 
and  to  protect  them. 


FOREST  EE8EEVATI0NS. 

"I  regard  the  forest  as  an  heritage,  given  to  us  by  Nature,  not  for  spoil  or  to 
devastate,  but  to  be  wisely  used,  reverently  honored,  and  carefully  maintained. 
I  regard  the  forest  as  a  gift  entrusted  to  us  only  for  transient  care  during  a  short 
space  of  time,  to  be  surrendered  to  posterity  again  as  unimpaired  property,  with 
increased  riches  and  augmented  blessings,  to  pass  as  a  sacred  patrimony  from 
generation  to  generation." — Baron  von  Mutiier 

ti  The  setting  aside    by  the    General    Government    of 

>*  large  tracts  of  forest  lands,  in  various  parts  of  the  United 
States,  to  be  preserved  perpetually  as  forests,  has  met 
with  much  favor  in  most  parts  of  the  country.  SC)me  crit- 
icism arose  at  first  from  a  few  who  feared  that  private  in- 
terests might  suffer  or  that  certain  industries,  such  as 
mining,  might  be  hindered  in  their  development.  Now, 
that  fuller  information  has  shown  that  the  purpose  of  this 
forest  legislation  is  wholly  beneficent  and  that  it  is  not 
intended  that  these  laws  shall  work  a  hardship  on  any 
one,  even  those  who  were  at  first  inclined  to  criticise  are 
now  warm  advocates  of  the  policy.  The  early  criticistn 
proves  to  have  been  a  good  thing.  The  attention  of  the 
f  whole  country  has  been  called  to  the  great  benefits  we 

derive  from  forest  covered  lands. 

Influence   of   Forests. — While  this   is  not  the 

place  for  a  discussion  of  this  question,  yet  it  may  be  well 
to  mention  a  few  of  the  points.  First,  it  is  well  known 
that  large,  wooded  areas  exert  a  great  influence  upon  the 
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climate  of  adjacent  regions,  i.  e.,  temperature,  moisture 
and  healthfulness  are  affected  by  them.  Of  greatest  im- 
portance, however,  is  their  conservation  of  moisture 
whether  it  falls  in  the  form  of  rain  or  snow.  To  the 
wooded  summits  and  slopes  of  our  mountains  we  owe  the 
fruitfulness  of  the  valleys  and  plains  below.  The  rain  is 
taken  up  by  the  loose  soil  and  leaves  and  sinks  into  the 
crevices  among  the  rocks.  Days  and  even  weeks  pass 
by  before  it  all  finds  its  way  into  the  brooks  and  streams. 
When  it  does  reach  these  it  literally  filters  into  them  as 
clear  and  sparkling  as  if  it  had  verily  been  distilled.  The 
snows  of  winter,  protected  in  the  shade  of  the  dense 
woods  and  piled  in  great  drifts  in  the  canons,  linger  even 
in  the  lap  of  summer,  feeding  slowly  but  surely  the  many 
life  giving  streams  upon  which  the  vegetation  in  the  val- 
ley and  on  the  plain  depends.  It  will  easily  be  seen  that 
the  forests  hold  back  what  would  otherwise  be  flood  wa- 
ters in  the  streams  that  drain  the  region.  So  it  happens 
that  communities  hundreds  of  miles  from  the  great  forest 
reservations  are  interested  in  their  perpetuation. 

Contrast  the  condition  in  open  country  or  where  the 
timber  has  all  been  removed.  Rains  that  fall  upon  naked 
slopes  run  off  with  a  rush,  carrying  the  soil  off  with  the 
water  and  washing  out  gullies,  ravines  and  even  canons. 
In  open  regions  we  have  seen  the  muddy  streams  over- 
flowing their  banks  after  a  shower  or  following  the  melt- 
ing of  the  spring  snows.  The  soil  is  all  washed  away, 
making  worthless  many  a  once  valuable  acre.  The  water 
courses  in  such  regions,  during  dry  periods,  instead  of 
being  clear,  flowing  streams  are  little  more  than  stagnant, 
muddy  pools. 

Wyoming  is  fortunate  in    the   possession  of    several 
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heavily  forested  mountain  ranges.  She  is  thrice  blessed 
in  having  within  her  boundaries  three  regions  deemed 
worthy  of  protection  and  preservation  by  our  Government. 
Let  us  hope  that  these  may  remain  to  bless  the  people, 
both  within  and  without  our  boundaries,  through  all  time 
to  come.  May  national  interest  demand  the  preserva- 
tion of  the  mighty  forests  that  crown  the  summits  and 
cover  the  slopes  of  the  Wind  River  mountains  also. 

Nature  has  further  made  amends  for  our  wind-swept 
plains  by  giving  us  a  fourth  Forest  Reserve,  one  in  which 
the  whole  world  has  an  interest  as  the  great  Wonderland. 
This  is  the  region  where  are  conserved  the  waters  that 
feed  the  rivers  of  a  continent.  In  Yellowstone  Park  are 
the  headwaters  of  three  great  river  systems,  the  Missouri, 
the  Columbia  and  the  Colorado,  not  to  mention  many 
smaller  streams  that  are  ultimately  tributary  to  these. 

A  Plea  for  a  Protective  Policy. — Shall  not  we, 

as  citizens  of  the  state  which  has  most  to  gain,  loyally  sup- 
port a  policy  that  means  so  much  to  our  arid  plains  ?  Un- 
der the  past  reckless  management,  or  rather  total  want  of 
supervision,  enough  timber  has  been  destroyed  by  forest 
fires  (often  wantonly  kindled)  to  bountifully  supply  the 
entire  state  for  centuries.  Under  a  wise  protective  policy 
our  forests  can  be  made  to  yield  all  the  timber  that  we 
can  possibly  use  for  domestic  purposes,  without  in  the 
least  impairing  their  beauty,  extent  or  productiveness. 
If  we  learn  to  know  our  forest  resources  and  their  value 
to  us,  then  we  shall  come  to  appreciate  them  so  highly 
that  we  shall  stand  as  a  unit  for  their  protection  from 
those  who  would  destroy  them  for  private  gain.  We  shall 
also  desire  to  protect  them  from  the  consequences  of  the 
present  reckless  indifference  that  allows   the   destruction 
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of  thousands  of  acres  of  valuable  timber  by  fire.  Who 
has  not  felt  the  desolateness  of  what  would  otherwise  be 
the  most  charming  scenery  were  it  not  for  the  dead  and 
fallen  trees  that  strew  the  blackened  slopes.  The  writer 
has  in  mind  two  places  in  the  state,  making  some  preten- 
sions as  mountain  summer  resorts,  which,  with  their 
limpid  lakes,  would  have  all  the  elements  of  natural'beau- 
ty  were  not  the  whole  effect  marred  by  unsightly,  black- 
ened stumps  and  progress  impeded  on  every  hand  by  the 
tangled,  fallen  timber. 


NAMES. 

Common  Names. —That  it  would  be  a  most  desira- 
ble thing  to  have  a  good  expressive  English  name,  not 
only  for  our  trees  but  for  all  the  important  plants,  is  freely 
admitted  by  all.  In  fact  it  seems  so  desirable  that  great 
effort  is  being  made  by  those  who  think  and  write  upon 
these  subjects  to  hit  upon  some  good  **  common  name*' 
upon  which  all  can  unite.  The  difficulties  encountered, 
however,  are  great,  for  not  only  do  most  plants  have  dif- 
ferent common  names  in  different  localities  but,  what  is 
worse,  very  different  plants  have  the  same  common  name. 
To  illustrate :  One  of  our  commonest  trees.  Lodge  Pole 
Pine,  is  also  called  in  Wyoming,  Tamarack  and  Black 
Pine ;  in  Utah,  Prickly  Pine  ;  in  Montana,  White  Pine ; 
in  Colorado,  Spruce  Pine,  and,  posi^ibly  in  other  places  by 
yet  other  names.  Then  these  names  are  also  applied  to 
other  trees,  as,  for  instance,  TamJirack  to  one  other  spe- 
cies of  Pine  and  to  two  different  species  of  Larches  and 
possibly  to  other  trees.  How  then  shall  we  know  what 
tree  is  meant  when  we  hear  a  name }     No  way  suggests 
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Itself  except  that  we  must,  as  a  people,  agree  upon  the 
most  expressive,  available  name.  Then  we  must  learn  to 
know  that  tree  and  must  apply  no  other  name  to  it  and 
that  name  must  be  applied  to  no  other  tree. 

The  names  suggested  in  this  bulletin  are  not  original 
with  the  writer  but  such  are  chosen  from  those  in  com- 
mon use  as  have  secured  the  approval  of  men  who  have 
given  much  time  and  thought  to  this  subject.* 

Latin  Names. — The  scientific  names  have  a  great 
advantage  in  that  only  one  name  can  properly  be  applied 
to  the  plant  in  question  and  that  the  oldest  one.  By  this 
name  the  plant  must  be  known  the  world  over.  Such  a 
name  consists  of  two  parts,  the  first  or  generic  name 
which,  in  a  way,  corresponds  to  a  person's  family  name 
and  the  second  or  specific  name  which  points  out  a  par- 
ticular kind  much  as  a  given  name  points  out  a  particular 
person.  To  illustrate:  The  Pines  belong  to  the  genus 
Pinus;  the  Cottonwoods  are  Populus.  To  point  out  a 
particular  kind  (species)  another  word  is  added,  as  Pinus 
fiexilis  (The  Limber  Pine)  or  Populu%  balsamifera  (Balm 
of  Gilead).  It  is  customary  to  add  the  name  (or  abbrevi- 
ation of  it)  of  the  person  who  first  describes  the  species 
or  brings  the  right  generic  and  ppecifis  name  together. 
Thus  the  two  just  given  should  be  written  Pinus  fiexilis 
James,  and  Populus  balsamifera  Linn. 

Now  these  Latin  names  are  not  so  difficult  to  learn 
or  to  understand  as  most  people  imagine.  They  are  in  fact 
more  easily  remembered  than  common  names  for  they  are 
often  descriptive  of  some  character  of  the  plant  as  may  be 
seen  in  those  given  above. 

*Mr.  George  B.  Sudworth  in  the  excellent  bulletins  ot  the  Division  of  Forestry,  U.  S. 
Dept.  of  Agrioiltnre  is  doing  moch  to  bring  order  out  of  the  chaos  ot  common  names.  I  am 
gbd  to  acknowledge  my  indebtedness  to  Bull  No.  17  of  that  Div. 
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In  the  following  pages  the  scientific  name  is  printed 
in  parenthesis,  in  italics,  under  the  common  name.  It  is 
hoped  that  those  who  really  wish  to  know  our  trees  by 
the  names  now  accepted  for  them  everywhere  will  famili- 
arize themselves  with  these  names  in  particular. 


THE  TREES  OF  THE  STATE.* 

TREE  DEFINED. 

Woody  plants  which  continue  to  grow  for  some  years 
are  known  either  as  shrubs  or  trees.  Size  is  usually  made 
the  line  of  separation  between  the  two  but  the  form  of 
growth  is  quite  as  characteristic.  The  following  quoted 
definition  seems  to  express  the  commonly  accepted  idea 
of  a  tree:  **  Trees  are  such  woody  plants  as  produce  in 
nature  a  single  trunk,  branching  more  or  less  above  the 
ground."t  Accepting  this  definition,  there  are  included 
in  the  following  list  a  few  that  are  comparatively  small, 
such  as  the  Buffalo  Berry  and  the  Choke  Cherry.  But 
even  these  have  the  true  tree  habit  and  may  properly  be 
included. 


^Special  attention  is  called  to  Bulletin  No.  38  by  Prof.  B.  C. 
Bnffam,  recently  issued  by  this  Station.  That  bulletin  bears  the 
title  "  The  Oultivated  Shade  and  Forest  Trees/'  and  considers  in 
detail  the  characteristics  and  relative  value  of  the  various  trees 
that  are  used  on  home  and  public  grounds.  Methods  of  trans- 
planting and  cultivating  are  also  considered. 

Since  native  trees  must  be  so  largely  used  for  decorative 
purposes  both  on  the  home  and  public  grounds  it  seems  probable 
that  a  bulletin  on  how  to  recognize  them  may  be  welcome.  For 
this  reason  this  bulletin  is  made  to  follow  so  closely,  in  order 
that  the  two  may  supplement  each  other. 

fBull.  No.  14,  V.  S.  Dcpt.  of  Agriculture.  Div.  of  Forestry. 
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KEY  TO  THE  GENERA. 


* 


§Leavcs  needle-shaped: 

fin  small  bundles  of  two  to  five I.  Pine  (Pinus). 

ff Singly  and  with  sharp  points 2.  Spruce  (Pu^a). 

Iff  Singly  and  with  blunt  points 3.  Douglas  Spruce  (Ps^fuJotsuga). 

§§Leaves  short,  scale  like 4.  Juniper  {Juniperus). 

§§§Leavcs  with  a  true  blade  and  stem  (petiole): 

f  Fruit  an  egg  shaped  capsule,  containing  seeds  furnished  with  a  tuft 
of  white,  silky  hair: 

:(Huds  resinous 5.  Cottonwood  {Popuius). 

JJHuds  not  resinous 6.  Willow  {Saiix). 

ff  Fruit  a  nut: 

^Small,  in  a  close,  cylindrical  or  oval  cluster: 

—Nutlet  winged 7.  Birch  {Betula), 

»  —Nutlet  not  winged 8.  Alder  (A/nus). 

JJLarge,  with  a  cup,  singly  or  in  clusters  of  2  to  3 

9.   Oak  ( Querius), 

fff Fruit  with  conspicuous  wings  : 

^Produced  in  pairs lo.  Maple  {Ac^r). 

J  J  Produced  singly II.  Ash  [Frnxinus). 

ffffFruit  fleshy,  drupe  like  (Stone  fruits): 

JSeed  single,  large,flattened  )  ^^  j  Plum  |  ./>^,,,,,,jv 

IJSeed  single,  small,  round     f       /  Choke  Cherry  f  ^  '' 

fffff Fruit  fleshy,  a  pome: 

JSeeds  large  for  the  fruit,  bony 13.  Haw  {Cmtae^^us). 

ffffffFniit  fleshy,  berry-like: 

JSeeds  several,  small 14.  Servicebcrry  {Amelnnchier). 

JJSeed  single,  large,  pulp  dry.  ...  15.  Silver  Berry  {E/fa^nus). 

JifJ.Seed  single,  small,  pulp  juicy 

16.  Buffalo  Berry  {Lepatiryraca). 

*The  small  number  of  genera  and  species  of  trees  represented,  it  should  be  noted,  does  not 
indicate  a  scarcity  of  trees  nor  the  absence  of  forests.  It  simply  iridic  ites  that  the  climatic  con- 
ditioDs  on  these  high  pinins  and  mountain  ranges  are  unsuited  to  any  but  the  hardier  focms. 
Scarcity  of  kinds  doe*  not  mean  scarcity  of  trees.  One-six'h  of^the  State  or  about  lO.OOO.fKM) 
acres  is  mwe  or  less  forest  covered.  Then  too,  what  we  lack  in  kinds  oi  tr^ts  is  more  than  made 
tip  to  us  in  the  wealth  of  species  oi  shrubs  and  herbaceous  vegetation. 
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Pine  Family, 


(^Pinacece,) 

"  The  pine  is  the  mother  of  legends." — Lowtll, 

This  family  of  plants  includes  much  the  larger  part  of 
the  forest  trees  of  Wyoming.  Those  belonging  in  other 
families  are  either  small  and  scattering  or  form  merely 
fringes  on  the  stream  banks — scarcely,  if  ever,  a  solid 
body  of  timber.  The  Pine  Family,  though  far  from  being 
confined  to  mountainous  countries  and  cold  climates,  is 
peculiarly  characteristic  of  such  regions.  The  great  st 
development  and  largest  number  of  species  occur,  how- 
ever, where  a  moderately  cool  temperature  is  combined 
with  an  abundance  of  moisture,  as  is  the  case  on  some 
portions  of  the  Pacific  coast.  Of  the  sixty  species  which 
become  trees,  credited  to  Northwest  America,  only  eight 
are  positively  known  to  the  writer  as  occurring  within  our 
bounds. 

This  family  has  for  a  long  time  been  known  as  the 
Cone- Bearers  {Coniferce)^  since  the  fruit  of  most  of  its 
members  is  somewhat  cone-shaped. 

The  cone  consists  of  a  number^^of  spirally  arranged 
scales  on  which  the  naked  seeds  are  borne.  All  the  trees 
of  this  group  are  more  or  less  resinous  and  are  all  ever- 
green. The  four  following  genera,  with  the  species  under 
each,  constitute  the  tree-like  representatives  of  this  fam- 
ily in  this  state. 
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1.  PINES. 

(Pinus.) 

**  Ancient  pines. 

Ye  bear  no  record  of  the  years  of  man. 

Spring  is  your  sole  historian." — Bayard  Taylor. 

The  term  pine  is  by  most  people  applied  very  loosely. 
People,  ordinarily  well  informed  upon  other  subjects,  ut- 
terly fail  to  discriminate  between  the  most  widely  differ- 
ent  cone-bearing    trees.     To    most  they    are    all  simply 
\  *' beautiful  pine  trees,"  whether  they  are  Pines,  Spruces, 

\  Firs,  or  more  widely  divergent  forms.      Even  Junipers  are 

sometimes  included  in  this  convenient  term.  To  separ- 
ate them  is  so  simple  a  matter  that  our  attention  need  be 
called  to  only  a  very  few  facts  to  enable  us  all  to  call  a 
pine  a  pine,  and  a  spruce  a  spruce,  the  moment  that  we 
see  them.  That  both  of  them  belong  to  the  Pine  Family 
need  not  mislead  us,  for  it  is  common  practice  to  use  in 
the  name  of  a  family  of  plantsjthe  name  of  the  principal 
genus  in  that  family.  A  family  may  have  many  genera 
with  well  marked  characters. 


V 


How  TO  Know  Pinks.* — Leaves  in  bundles  of  two 
to  five  (see  illustrations);  cones  rather  large  and  heavy, 
/  scales  tough  and  woody;  seeds  borne  on  the  base  of  the 

scales. 

Three  species  occur,  as  follows: 


•Those  who  have  occasion  to  use  this  Bulletin  will  please  note  that  all  statemcnts'and  de- 
>cription&  have  reference  to  Wyoming  trees.  No  effort  has  been  made  to  discriminate  except 
between  our  own  species.  The  aim.  ready  reference,  is  best  attained  by  few  words.  Full  char- 
acterizations would  hide  the  species  in  a  mass  of  botanical  terms. 


IV.    ROCK  PINE.    CAara. 
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(1)  BOOK  PIN£. 

{PiHu,  sri-/.HUr»m  iEngelm]  Lemmon). 

Th«  baikin'  wm-oHfid  putt  conienicd." — Loiv/It- 

Deacription. — leaves  in  bundles  of  three  (rarely  two),  4  10  7  inches 
long,  slightly  rough  on  Ihe  margins:  cone  3  I0  5  inches  long,  scales  much 
thickened  at  the  I'Uter  end  and  bcnring  a  sharp,  recurved  prickie. 

This  is  one  of  the  largest  trees  of  this  state,  attain- 
ing a  height  of  75  to  125  feet  and  becoming  3  to   5  feet  in 


V.     ROCK  PINE. 


diameter.  In  some  localities,  however,  as  at  Pine  Bluffs 
and  in  the  Dakota  Black  Hills,  only  comparatively  young 
trees  seem  to  be  present.  It  is  probably  the  hardiest  and 
most  widely  distributed,  though  not  the  most  abundant. 
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It  occurs  in  all  of  our  mountain  ranges  from  the  foothills 
up  to  about  6,000  feet.  The  wood  of  this  pine  is  heavy 
and  resinous,  with  a  handsome  grain.  It  is  used  to  a  con- 
siderable extent  for  domestic  and  commercial  purposes. 
The  tree  may  always  be  known  by  its  stout,  usually  erect 


VI.    LIHBSR  PINE.     Tkr  Pi-t  ^ftki  V)ind-iwcfl  ilcH>  '-il  ''•U'^. 

habit;  well  formed  trunk;  the  long  needles  (leaves)  which 
grow  brush-like  on  the  ends  of  the  stems,  and  by  the 
thickened,  spine-tipped  scales  of  the  heavy  cones.  The 
names  we  often  hear.  Pitch  Pine  and  Yellow  Pine,  tail  to 
distinguish  it,   for   there    are    some  others  bearing   these 
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(2)  LIHBEB  PINE. 

(Finas  JlexUis  James). 


d,  Ihal  [nnd  old  harpcTn  iqiotF 


Description. — Leaves  five  in 
lighl  colored,  long  egg  shaped,  3  ic 
much  thickened,  widely  spieading  wnen  mature. 

Like  the  preceding,  this  is  widely  distributed  and  oc- 
curs in  the  hills  and  mountains  in  the  most  exposed  situ- 
ations.      It    forms   a 
scattering   growth  or 
more  rarely  a  contin- 
uous forest;  is  usually 
most  abundant  on  east 
slopes,    and   is    found 
at    somewhat    higher 
elevations     than     the 
preceding.    It  is  rare- 
ly a  well  formed  tree, 
except  when  it  forms  a 
dense   forest,     on  ac- 
count of  the  stress  of 
weather  that  It  has  to 
endure  in  the  exposed 
situations  which  it  oc- 
cupies.    It^  remarka- 
bly   limber    twigs, 
which    no    weight    of 
VII.  Limber  Pine.   conti.ivriguHd tn/-humiu.       Winter  snow  caH  ever 
snap,     enable,.,  it    to    withstand     the     fiercest     tempest. 
So    far   as    our    species   are    concerned,   the     five-leaved 
bundles   and     unarmed    cones  will     at    once    distinguish 


.     LODOEPOLE  PINE.     A  ihnr.iclcriilic/ori!l  c/lhit  ifrciti 
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it.     It  is  largely  used  for  fuel  and  possibly  for  other  do- 
mestic purposes. 


(3)  LODaEFOLE  FINE. 

(/■(BUI  Murrayana  "Oreg.  Com.' 


Description.— Leaves  in 

bundles  ..f   iwo,  almut   S   inc 

:h«  long;    conet 

small,  reflexcd,  adhering  tenaci 

Dusly  lo  the  brniiches,  which  a 

ire  oflen  marked 

by  the  deail.  persialeni  cones  ol 

pad,  Ihe  ihickened.  quadrangu! 

lar  end^  lipped  wtlh  delicate  r 

e curved  prickles. 

The  most  abundant  of  our  pines.      It  usually  occurs 
in  large  tracts  as  a  dense  forest  and  is  found  in  all  of  our 
mountain    ranges,    es- 
pecially on  the  moister 
slopes   and  where    the 
winter  snows  are  abun- 
dant.    It  prefers  mid- 
dle elevations,  6,ooo  to 
9,ooofeet.  VVhengrow- 
ing  in  dense  tracts  it  is 
exceedingly  slender  for 
its  height  and  no  doubt 
was  formerly  the  source 
from  which  the  Indian 
secured  the  light,  slen- 
der poles  for  his  wig- 
wam.     Poles  40  to  50- 
feet   in   length    a   man 
may  very  easily  carry. 
When    the    trees    are 
IX.  L»dg^i.RB..   c>«,.,^andUa/iundi..     scattering  they  become 
less  pole-like  and  attain  a   diameter  of  a   foot   or   more. 
This  species  has   furnished  in  Wyoming  much  the  larger 
part  of  the  poles  for  the  miles  and  miles  of  fences.     The 
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dead  poles  in  a  burned  district  can  be  prepared  with  little 
labor  as  they  are  nearly  free  from  branches.  Some  lum- 
ber, railroad  ties  and  much  of  the  "lagging "for  mines 
are  obtained  from  this  pine.  This  species  is  readily 
known  by  its  slender  habit ;  its  persistent  cones,  and  its 
paired  leaves. 


2.  SPRUCE. 

(Picia.) 

"  Thu  ii  the  IbreH  primeiral." — L^n^rtia^, 

There  are  three  trees  in  the  state  that  are  properly 
known  as  Spruces.  Two  of  these  may  be  known  as  true 
Spruces  {Picea}  and  the  third  is  the 
Douglas  Spruce,  which  is  placed  by 
itself  in  the  following  genus  {Pseudol- 
suga).  All  Spruces  are  at  once  sep- 
arated from  the  Pines  by  the  arrange- 
ment of  the  leaves — in  bundles  in  the 
Pines,  singly  in  Spruces.  They  are 
also  easily  separated  by  the  cones — 
heavy  with  chickened  scales  in  the 
Pines,  light  with  thin  scales  in  the 
Spruces. 

The  true  Spruces  are  to  be  distin- 
guished from   the  Douglas  Spruce  by 
the  way  in   which  the  leaves  are  de- 
tached   from  the  branchlets.      In   the 
former  wlien  the  leaves  fall  away  the 
X.  spn.«iwiH,.ho.rii.giiw     branchlets  are  rough  with  the  project- 
™"de'uil:ii^."'"'" '°"™     ing,  persi-stent  leaf-bases;  in  the  lat- 
a.  T%4 imt ^Z',..  ter  the  branchlets  are  smooth,  marked 


XI.    ENOELHANN  SPRUCE.     CAar, 
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only  by  the  oval  scars  of  the  fallen  leaves.     T 
panyitig  figure  will  make  this  plain. 

(1)  EHaELMANH  SPRUCE. 

■■Gro«iiod>BK,ovt."-/'«/,. 

Description.— Leaves  from  J^  to  i  inch  in  leiiglh,  singly  and  soniewbat 
uniformly  <listriUuted  upon  the  branches,  fouran^led,  abrii|illy  sharp  pointed; 
coneii  oval  or  ohlaiig,  about  z  inches  long  and  half  as  thick;  scales  Ihin, 
lough,  ovate,  with  a  square  cut  tip  uhich  is  entire  or  may  bear  a  few  small 
teeth. 

This  is  the  most  important  forest  tree  in  the  state. 
Hundreds  of  square  miles  in  our  higher  mountains  are 
completely  clothed  with  it.  Though  not  the  largest  of 
'our  trees,  yet  it  attains  in  favorable  situations  a  great 
size,  becoming  perhaps  lOO  feet  in  height  and  two  feet  or 
more  in  di- 
ameter. It 
is  rarely 
found  much 
belowg.ooo 
'  feet  and 
[  from  that 
I  altitude  up 
I  to  timber- 
line  it  is  us- 
O  j  "ally  the 
y ^        _J    only    spe- 

XII,    L«.«of.h,trucSpr>,c».    ,.*/«.    ,.  M^lma^n.  cies.    At  the 

upper  limit 
of  trees  it  becomes  merely  a  spreading,  prostrate  shrub, 
buried  for  months  beneath  the  load  of  the  winter  snows. 
These  are  strikingly  different  in  appearance  from  the  tall, 
spire-shaped  trees  on  the  lower  slopes. 
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From  this  species  is  obtained  much  of  the  native  lum- 
ber that  is  produced  in  the  state.  The  wood  is  firm  and 
elastic  and  while  it  is  difficult  to  obtain  lumber  free  from 
knots,  yet  since  these  rarely  fail  out,  it  has  been  found 
suitable  for  a  large  number  of  purposes. 

This  is  the  species  that  the  Forest  Reserves  are  es- 
pecially designed  to  protect.  These  great  tracts  of  sub- 
alpine  woods  hold  back  the  waters  of  the  winter  snows, 
from  which  the  streams  are  fed  late  into  the  summer 
months. 

(2)  BLUE  SFBUOE. 
{Piffo  fiu»gf»i  Engelm.) 


Description. — Leaves  very 
similar  (o  the  preceding,  more 

slender  and  rigid,  more  strong- 
ly 4- angled  and  sharper  point- 
ed, oflen  with  a  blue-green 
(glaucus)  color;  cones  also  quite 
similar  (red  dish -brown  in  both), 
longer  and  more  cylindrical  in 
this,  scales  very  Ihiti  and  usu- 
ally   wilh    a    wavy,     irregular 

The  Blue  Spruce, 
while  widely  distrib- 
uted throughout  the 
Rocky  Mountains,  can- 
not be  said  to  be  abun- 
dant- It  occurs  at  in- 
tervals throughout  our 
mountains,  mostly  as 
scattering  individuals 
or  in  small  clumps.  It 
is  found  at  middle  ele- 

XIII.    BltwSpnKt.     Ttnigtanilcmti,  ,  , 

vations,    rarely    reach- 
ing 9,000  feet,  and  prefers  moist  soil.     Near  streams  and 
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on  moist  slopes  it  makes  a  fair-sized  tree,  but  the  wood  is 
said  to  have  little  value. 

It  is  not  readily  distinguished  from  the  preceding  ex- 
cept by  its  habitat,  its  usually  smaller  size,  its  cone- 
shaped  habit,  i.  e.,  its  sharply  tapering  crown,  and  its 
blue-green  or  silvery  foliage. 

On  account  of  its  handsome  appearance  it  is  largely 
used  as  an  ornamental  tree  for  planting  on  the  home  or 
public  grounds.*  Most  of  the  trees  thus  used  are  nursery 
grown,  as  they  transplant  more  readily  than  those  re- 
moved directly  from  their  mountain  habitat. 


There  is  a  probability  that  Wyoming  possesses  one  of  the  true  Fir  trees.  Though  the 
writer  has  not  found  it.  he  has  no  reason  tor  thinking  that  the  species  that  has  been  reported  a 
few  times  from  our  higher  mountains  is  not  here.  Sometimes  such  reports  arise  from  mistaken 
identity,  but  in  this  case  it  will  be  rather  surprising  if  the  presence  of  the  following  species  is  not 
established : 

ALPINE  PIR  {Abies  lasiocarpa  (Hook.)  Nutt.)  A  slender  tree  of  the  higher  moun- 
tains of  the  western  United  Stales.  Its  leaves,  like  those  of  the  Spruce,  are  borne  singly,  some- 
what in  two  ranks  :  the  branches  arc  arranged  in  a  succession  of  whorls  :  the  cones  are  nearly 
cylindrical,  about  2'/4  inches  long,  erect  and  produced  at  the  sides  of  the  branches :  bark  thin 
and  pale.  If  any  of  the  users  of  this  bulletin  happen  to  6nd  this  tree,  the  foregoing  statements 
will  aid  in  distinguishing  it  from  the  Spruces,  the  only  trees  in  this  state  with  which  this  Fir  could 
be  confused.     Reports  concerning  it  will  be  welcome. 


3.  DOUGLAS  SPRUCE. 

[Pseudotsuga  taxifolia  (Lam.)  Britt.) 

"Oh  :  proudly  then  the  forest  kings 
Their  banners  lift  o'er  vale  and  mownX.."— Edith  May. 

Description. — Leaves  flattened,  with  a  narrowed,  stem  like  base,  mostly- 
blunt  pointed,  whitish  below,  twisting  on  the  base  so  as  to  appear  comb-like 
on  the  branches,  ^  in.  to  twice  that  length:  cones  egg  shai>ed,  about  3  inches 
long  and  half  as  thick;  three  pointed  bracts  project  from  among  the  scales  of 
the  cone:  bark,  in  old  trees,  very  thick  and  furrowed. 

This  is  one  of  the  largest  trees  of  the  state  and  tor 
that  matter  of  the  United  States.  It  reaches  its  maxi- 
mum size  in  moister  climates,  but  even  here  it  is  a  stately 

*Sec  Bull.  3?<  of  this  Sution  by  Prof.  B.  C.  Buffum. 
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tree,  often  much  exceeding  a  hundred  feet  in  height.  It 
occurs  in  canons  and  on  rocky  slopes  up  to  10,000  feet, 
the  finest  specimens  being  found  near  the  banks  of  moun< 
tain  streamlets.  Its  wood  is  hard  and  durable,  making  it 
of  much  value  where  heavy  timbers  are  required.  Much 
lumber  is  made  from  it  and  for  railroad  ties  it  is  consid- 
ered superior. 


XV.     Douglu  Spmi:t.      ■I\.^'igi  and  malurt  comi. 

It  may  always  be  distinguished  from  the  true  Spruces 
by  its  blunt  leaves,  its  thick,  furrowed  bark,  and  especial- 
ly by  the  cones.  These,  with  their  three-pointed  bracts, 
are  quite  peculiar  to  this  tree. 


4.  JUNIPERS. 

{Ju>itf>erus) 


The  members  of  this  genus  are  ofti 


„%\t."-H,„ry  VI. 

n  known  as  cedars. 


but  this   name  properly  belongs   to  another   genu 
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this  group  should  always  be  called  Juniper.  Of  the 
twelve  tree-like  Junipers  in  the  United  States,  Wyoming 
has  two,  both  of  which  have  recently  been  described  as 
new.  One  of  these  has  been  known  for  years  as  occurring 
liere,  but  has  been  supposed  to  be  the  same  as  the  Red 
Juniper  of  the  eastern  states.  It  was  only  in  1897  that 
the  distinctions  between  the  two  were  made  out,  in  part 
from  a  series  of  specimens  prepared  at  the  University  of 
Wyoming  for  Dr.  Sargent,  Director  of  Arnold  Arboretum. 
It  now  bears  the  name  first  given  below.  The  other  spe- 
cies, the  second  given  below,  seems  to  have  been  over- 
looked until  named  and  described  by  the  writer  in  1898. 
This  does  not  mean  that  it  is  particularly  scarce  in  its  lo- 
cality but  only  that,  though  observed  by  many,  it  had 
been  assumed,  as  with  the  other,  to  be  one  of  the  well 

known  species.     - 

Though  the  Junipers  are  included  in  the  cone-bearers 

yet  the  cone  will    hardly  be    recognized    as    such.      The 

scales  are  small,  few  and  fleshy  and  form  a  small  globose 

berry  instead  of  the  ordinary  cone.      This,  with  the  fact 

that    the    leaves*    are    scarcely    more    than    short,   fleshy 

-scales,  will  enable    anyone    to.  at    once    recognize    these 

evergreen  trees,  our   two   species  of  which   it  will   not  be 

hard  to  separate. 

(1)  B00K7  MOUNTAIN  JUNIPER. 

{Juniperus  scopulorum  Sargent). 

'•Will  these  moss'd  trees. 
That  have  outliv'd  the  eagle,  page  thy  heels. 
And  skip  when  thou  point'st  out?  " — Shakfsptare. 

Description. — Leaves  in  pairs,  very  short,  nearly  clothing  the  branch- 
iets:  berries  very  numerous,  not  maturing  until  the  close  of  the  second  season, 
light  green  when  young,  when  mature  blue  with  a  whitish  bloopi. 

This   species   is    found    at    intervals    throughout    the 


*Id  very  young  plants  the  leaves  are  usually  longer,  needle  or  awl  shaped,  sometimes  % 
'inch  in  length. 
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state  from  the  south- 
eastern to  the  north- 
western corner.  It  oc- 
curs in  canons  and  on 
rocky  bluffs.  Often  it 
i>.  stunted  and  shrub- 
like but  more  often  a 
tree  with  short,  thick 
trunk  and  rounded  top. 
Sometimes  it  branches 
from  the  base  and  then 
resembles  in  habit  the 
following  species.  Its 
j^'vw™'"''"''"'™"'^*'     wood,  though  occasion- 


XVII.     ROCKY  MOUNTAIN  JUMPER.     LSuil /..rm.  bml  o/lr'<  < 
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ally  used  for  fuel,  is  particularly  valuable  for  posts,  as  it 
resists  decay  to  a  remarkable  degree  even  when  in  con- 
tact with  the  soil.  Its  habit,  its  numerous  small,  blue 
berries,  which  have  a  whitish  bloom,  and  its  slender  twigs 
will  serve  to  separate  it  from  the  next. 

(2)  DESERT  JUNIPER. 

{Juniptrus  Knighli  Aven  Nelson) 


Description.— Branched  fn.m  l!ic  liase,  rarciv  wilh  a  single  trunk,  usu- 
ally a  rounded,  hii><hy  clump  of  siib-e(|ua]  trunks  and  spreading  l>ranches,  lo  Ii> 
30  feel  Ki(;h;  leaves  Ihree-rnnktd,  thick,  about  l-i2  inch  long:  heiry  blue -green 
or  copper  colored,  marked  on  the  surface  by  more  or  less  projecting  points; 
seed  single  |r.irely  Ino),  large,  covered  hy  the  dry  pulp. 

So  far  as  the  distribution  of  this  tree  is  known   it   is 

confined  to  the  south-central  and  the  southwestern  part  of 
the  state.  It  occurs  in 
I  those  desert   portions, 

like  the  Red  Desert, 
from  which  all  other 
trees  are  absent.  Even 
here  it  occurs  only  at 
intervals  on  the  red 
sandstone  hills  and 
bluffs  as  scattering  in- 
dividuals or  sometimes 
forming  considerable 
thickets.  It  will  be 
known  by  its  bushy 
habit,   its   thick    twigs 

xvin.  D.«r,junip«j^,»»„yw™,.*,.w,v  a„d  it,  large,  rough- 
ened,    copper-  colored 

berries.     In  the   localities    where    it    occurs    it    furnishes 

fence  posts  and  fuel. 
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XIX.    DESKRT  JUNIPER.     Tyficat ifKimrnt of  tkit 


Willow  Family. 

{Salicacete) 

Although  Cottonwoods  and  Willows  seem  quite  dif- 
ferent, yet,  botanically,  they  have  many  features  in  com- 
mon. Both  drop  their  leaves  at  the  end  of  the  growint; 
season,  that  is  they  are  deciduous.  Hoth  have  the  male 
and  the  female  flowers  on  different  trees  (dioecious).  The 
flowers  in  both  arc  produced  in  early  spring,  before  or 
with  the  leaves.  Male  and  female  flowers  are  both  in 
slender  clusters  or  tassels  known  as  aments  or  calkins 
(the  "pussies"  of  the  children).     These  are  usually  droop- 
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ing  in  our  Cottonwoods  but  mostly  erect  in  the  Willows. 
The  female  fioiver  cluster  develops  into  a  somewhat  simi- 
lar but  more  elongated  cluster  of  capsule-like  fruits,  which 
are  two-celled  and  contain  several  small  seeds  that  are 
furnished  with  a  tuft  of  fine  hairs.  When  mature  these 
are  readily  borne  for  miles  by  the  wind,  but  only  a  very 
small  percentage  are  ever  lodged  in  a  suitable  place  for 
germination  and  development. 
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5.  COTTONWOOD. 

{Populus) 

•'He  that  plants  trees  loves  others  beside  himself." 

The  Cottonwoods  need  no  de.scription  as  a  group. 
They  are  known  to  everyone,  but  it  may  not  be  perfectly 
clear  that  the  Aspen  and  the  Balm  of  Gilead  are  Cotton- 
woods.  In  fact  we  shall  not  call  them  by  that  *' common 
name,"  but  they  as  well  as  the  other  three  belong  in  the 
genus  Populus.  Our  five  species  are  easily  known  in  the 
summer  time  by  the  shapes  of  the  leaves,  as  shown  in  the 
figures  accompanying  the  short  descriptions  below.  Since 
these  are  the  trees  that  we  must  use  to  a  large  extent  for 
shade  and  ornamental  planting*  in  this  state,  it  is  desira- 
ble that  we  be  able  to  recognize  them  in  their  winter  con- 
dition also.  Transplanting  can  most  safely  be  done  in 
the  spring  before  the  buds  open.  To  assist  in  recogniz- 
ing them  at  that  time  the  accompanying  plate,  showing  a 
twig  and  buds  of  each,  will  be  helpful,  as  will  also  a  study 
of  the  bark  character. 

(1)  NARROWLEAF  COTTONWOOD. 

{Po pit  I  Its  angustifolta  James) 

Description. — Leaves  small,  oblong 
or  lance-shaped,  usually  acute  at  the 
apex  and  with  rounded  base,  finely  scal- 
loped on  the  margins:  buds  small, 
pointed,  dark  brown  (see  Plate  XX, 
Fig.  5):  l>ark  thick,  coarsely  furrowed 
and  dark  colored,  these  characters  more  pronounced  as  the  tree  grows  older. 

The  most  abundant  of  the  Cottonwoods  (excepting 
the  Aspen)  in  this  state.  It  becomes  in  some  localities  a 
large  tree,  sometimes  75  feet  high  and  3  feet  in  diameter, 
though  usually  it  is  much  smaller.  It  occurs  at  intervals 
on  all  the  larger  streams  in  the  state  either  as  a  fringe  on 

*See  Bull.  38  of  this  Suiion. 
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their  borders  or  in  groves  quite  covering  the  adjacent  low 
bottom  lands.  It  may  always  be  known  by  the  small,  nar- 
row leaves  and  the  dark,  thickened,  furrowed  bark  which 
becomes  enormously  thickened  in  the  old  trees. 

(2)  LANOELEAF  COTTONWOOD. 

{/\f/*u/us  acuminain  Rydb.) 

Description. — Leaves  broad- 
ly lance-shaped  or  ovate,  apex 
acuminate,  finely  scalloped  oa  the 
margins,  larger  than  in  the  fore- 
going species,  2  to  3  inches  long 
(on  young  shoots  often  more): 
buds  medium  sized,  light  brown 
(see  Plate  XX,  Fig.  4):  twigs 
slender,  light  colored:  bark  in 
young  trees  very  smooth  and  almost  white,  becoming  darker  and  rougher  as 
the  trees  gel  older  but  never  so  much  so  as  in  the  preceding  species. 

Though  found  native  in  the  state  it  is  far  from  com- 
mon and,  so  far  as  the  writer's  observation  goes,  occurs 
very  sparingly  on  only  a  few  tributaries  of  the  Platte  in 
the  eastern  part  of  the  state.  That  it  occurs  elsewhere 
within  our  borders  is,  however,  quite  probable.  It  attains 
nearly  as  great  a  size  as  the  preceding  but  is  a  smoother, 
handsomer  tree  at  all  times.  It  makes  a  more  rapid 
growth,  is  a  trifle  less  hardy  but  is  used  largely  for  plant- 
ing— mostly  from  nursery  stock. 

(3)  COTTONWOOD. 

{P.'Puiiis  deltoides  Marsh.) 

Description. — Leaves  broad, 
deltoid  ovate,  the  apex  abrupt- 
ly pointed,  the  base  nearly 
truncate,  rather  coarsely  scal- 
loped or  toothed  on  the  mar- 
gin: buds  larger  than  in  the 
preceding  (see  Plate  XX,  Fig 
3):  the  youngest  branchlels 
angled:  bark  grayish,  becom- 
ing rough  and  irregularly  fur- 
rowed as  the  tree  gets  older. 

This    is    the  (com- 
mon)    Cottonwood    of 
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the  eastern  and  central  United  States.  Throughout  that 
region  it  is  very  abundant  but  it  just  comes  into  our  range 
on  the  eastern  border  of  the  state.  On  the  Platte  and  its 
tributaries  and  in  Crook  and  Weston  counties  it  is  known 
to  occur.  It  is  the  largest  of  the  Cottonwoods  and  may 
easily  be  known  by  its  leaves  and  the  **  necklace-like " 
fruits  as  well  as  by  the  bark  which  is  roughened  by 
oblique  furrows,  and  is  nearly  uniform  in  color  through- 
out. 

Like  the  preceding  it  is  used  to  some  extent  for  fuel 
and  other  domestic  purposes  but  the  wood  is  soft  and 
weak  and  not  very  highly  valued. 

(4)  BALM  OF  GILEAD. 

{Populus  bahamifera  Linn.) 

f  Description. — Leaves  ovate*  tap- 

ering gradually  to  the  acute  apex, 
smooth  and  green  above,  whitish 
beneath,  finely  scalloped  on  the 
margins:  buds  large,  coated  with 
resinous,  glutinous  gum  (see  Plate 
XX,  Fig.  I):  bark  smooth  on 
young  trees,  somewhat  roughened 
on  the  old,  darker  in  color  than  in 
the  Lanceleaf  Cottonwood  which 
also  has  nearly  smooth  bark. 

This  species  is  of  rather  rare  occurence  in  Wyoming. 
Its  range  is  eastward  and  northward  in  the  United  States 
and  Canada  where,  in  favorable  situations,  it  attains  a  large 
size.  It  seeks  sheltered  localities  on  the  banks  of  small 
lakes  and  streams.  It  may  be  expected  in  such  situations 
in  all  parts  of  this  state,  though  it  is  never  found  in  abun- 
dance— usually  scattering  trees  or  small  groves  only.  With 
us  it  has  little  economic  importance  except  as  a  shade  or 
ornamental  tree.  Its  large  resinous  buds,  leaves  shiny 
above  and  whitish  beneath,  and  bark  comparatively  smooth 
will  enable  anyone  to  know  this  tree. 
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(5)  ASPEN. 

{Popuhts  tremuloides  Michx.) 

Description. — Leaves  small,  broadly- 
ovate  or  rounded,  abruptly  short  pointed^ 
finely  toothed  on  the  margins,  leafstalks 
flattened  latterally  causing  them  to  tremble 
in  the  slightest  breeze:  buds  short  and  thick- 
ened (see  Plate  XX,  fig.  2):  somewhat 
crowded  at  the  ends  of  the  twigs:  bark 
smooth  except  in  very  old  trees. 

Found  in  abundance  in  those 
parts  of  the  state  where  hills  or  mountains  abound.  It 
occurs  as  thickets  or  g^roves  on  the  slopes  where  snow- 
drifts form  and  on  the  banks  of  mountain  streams.  Our 
illustration  shows  a  characteristic  location  and  a  typical 
Aspen  grove.  The  trees  are  usually  small  but  in  very 
favorable  situations  may  attain  a  height  of  50  feet  or 
more. 

The  long,  slender,  pole-like  trunks  are  used  more  or 
less  for  fencing,  and  as  fuel  are  not  to  be  despised. 
Transplanted  from  the  grove  and  set  out  singly  they 
grow  but  slowly  and  never  form  shapely  trees. 


} 


6.  WILLOW. 

Perhaps  no  other  state  in  the  United  States  possesses 
so  many  different  kinds  of  willows  as  Wyoming.  Mr.  M. 
S.  Bebb  (now  deceased),  the  greatest  authority  on  wil- 
lows in  recent  times,  in  a  letter  to  the  writer  a  few  years 
since  emphasized  **  Willow  State"  as  a  suitable  name  for 
Wyoming.  In  spite  of  the  large  number  of  species  found 
within  our  borders  we  have  very  few  that  attain  tree-like 
size.      Most    of   them  are   mere  shrubs,    forming    great 
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thickets  on  the  borders  of  our  mountain  brooks  and 
swamps  and  fringes  on  the  banks  of  the  larger  streams. 
The  few  merely  named  below  do,  however,  attain  the 
stature  of  small  trees.  No  attempt  will  be  made  to  char- 
acterize these  as  it  would  require  more  space  and  fuller 
botanical  descriptions  than  this  bulletin  contemplates.* 
Everyone  knows  a  willow,  knows  where  willows  are  to  be 
sought  and  knows,  too,  something  of  their  uses.  The 
following  are  the  species  that  may  be  included  among  the 
trees  of  the  state: 

(1)  ALMONDLEAF  WILLOW. 

{Saiix  amygdaloides  Anders.) 

One  of  our  largest  and  most  widely  distributed  tree- 
like willows.  It  is  generally  spoken  of  simply  as  the 
^*  common  willow." 

(2)  WESTEBN  BLACK  WILLOW. 

{Sa/ix  iasiandra  Benth.) 

The  Wyoming  form  of  this  willow  is  considered  only 
a  variety  (var.  caudatd)  of  the  species  as  written  above. 
It  ranks  with  the  preceding  in  size  and  is  widely  distrib- 
ted  in  the  state. 

(3)  BEBB  WILLOW. 

(Sa/ix  Btfbbiana  Sargent) 

Though  never  large  it  is  decidedly  tree-like  on  ac- 
count of  its  usually  single  trunk  and  rounded  bushy  top. 

It  seems  doubtful  whether  any  of  the  other  numerous 
species  attain  such  a  size  as  to  be  called  trees. 


*PoftsibIy  sometime  in  the  fixture  it  may  seem  of  sufficient  importance  to  issue  a  special  bul- 
letin on  our  WUlows  and  their  uses.  The  entire  list  and  the  means  of  recognizing  them  may 
then  be  given. 
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Birch  Family. 

This  family  is  represented  by  three  Birches  and  one 
Alder.  One  of  the  Birches  {Betula  glandulosa  Michx.)  is 
only  a  small  shrub  occurring  in  swales  in  the  mountains, 
so  need  not  be  mentioned  further  in  this  bulletin.  None 
of  the  members  of  this  family  become  very  large  in  Wyo- 
ming, but  they  are  to  be  recognized  as  true  trees.  No 
lengthy  description  is  necessary,  for  there  are  no  trees  in 
the  state  with  which  they  can  be  confused.  As  in  the 
Willow  Family,  the  flowers  are  borne  in  separate  clusters, 
but  in  this  on  the  same  plant,  while  in  the  Willows  they 
^  are  on  separate  plants.  The  male  flowers  are  in  slender, 
I  drooping  clusters,  while  the  female  form  shorter,  thicker 
and  erect  aments.  The  numerous  fruits  in  the  cluster, 
when  ripe,  are  small,  flattened,  one-seeded  nutlets  with  a 
small,  thin  wing  at  either  side. 


f 


7.  BIRCH. 

{Betuld) 

Our  Birches  are  slender  trees  with  slender,  limber 
branches  and  rather  small  leaves;  the  seed-like  nutlets  dis- 
tinctly winged.  The  two  species  are  easily  separated  by 
the  bark  alone. 

(1)  PAPER  BIRCH. 

{Betula  papyri/ era  Marsh) 

Description. — Bark  white,  smooth,  on  young  branches  often  with  nu- 
merous dots,  peeling  readily  into  thin,  paper-like  layers,  hence  the  name: 
leaves  ovate,  small,  toothed  on  the  margins. 

This  species  in  northern    and    eastern    America    be- 
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comes  quite  a  large  tree.  Since  its 
bark  was  the  source  of  the  Indian's 
canoe  it  is  sometimes  called  the  "ca- 
noe birch."  Since  it  has  also  often 
furnistied  the  material  upon  which 
letters  were  written,  it  has  always 
been  of  much  interest.  It  is  very 
rare  in  Wyoming,  probably  oc- 
curring only  in  the  northeastern  part, 
in  the  Black  Hills.  Here  fine  .speci- 
XXII.  Paper  Birch.  Lea/  mcns  of  it  are  not  rare,  though  they 
aaj/mii cimuri,amt<ii).       geldom  attain  any  great  size. 

(2)  WESTEBN  BIBOH. 

(B^/ula  ocddfnlalh  Hook.) 
Description. — Bnrk   smooth,   dark   or   bronze  colored:    branches   resin 
dolled:  leaves  ovale  or  sometimes  nearly  round,  sharply  toothed,  rather  small 
and  thin:  the  very  small,  seed-like  nut  with  broad  wings. 

This  birch  occurs  on  many  of  our  mountain  streams, 
usually  as  a  mere  fringe  on  the  banks  but  occasionally  as 
small  thickets.  It  attains  a  height  of  25  to  40  feet  and 
furnishes  slender  poles  often  used  for  fencing  as  well  as 
for  fuel.  It  need  never  be  confused  with  the  preceding, 
but  is  less  readily  distinguished  from  the  following. 


8.  ALDER. 

{Alnus) 
This  genus  is  represented   by  one  species  only,  and 
since  it  is  of   small    economic  value    it    may  be  treated 
briefly. 

(1)  PAPEBLEAF  ALDEB. 
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which  they  open  and  hanging  naked  npon  the  branches  during  the  winter, 
opening  in  the  spring  before  the  le.-ives  develop:  seed-like  nutlet  slightly  mar- 
gined but  scarcely  n-inged. 

This  is  little  more  than  a  targe  shrub,  but  since  it  oc- 
curs so  extensively  throughout  the  state  and  lends  itself 
so  readily  to  transplant- 
ing it  seems  well  to  in- 
clude it.  It  usually  forms 
clumps  of  several  or  nu- 
merous stems  from  the 
root  and  grows  as  an 
overhanging  fringe  on  the 
banks  of  mountain  stream- 
lets. Its  habit  of  growth 
and  the  presence  in  win- 
ter of  the  naked  flower 
clusters  will  help  to  sep- 
arate it  from  the  West- 
ern Birch,  the  only  spe- 
cies with  which  it  can  be 
confused.       It   has    some 

xxrii  Pa  ,i«[Aij"  /(■,./  ...„u  //.■■■■rr  ^"^'  ^^'"*^  ^""^  oftcn  con- 
./.,//r'T;./o«.rf%./4'.-W":  ■'■'■''  stitutcs  natural  wind- 
breaks that  are  of  service  to  ranch  homes  and  to  stock  on 
the  range.  It  can  be  used  effectively  for  ornamenting  the 
home  grounds. 

Beech   Family. 

{Fagaceie) 
Because  of  similar  botanical  characteristics  the  Oak 
genus  (Qucrciis)  is  placed  in  the  above  family.      Since  for 
our  present  purposes  we  are  concerned  with  a  single  spe- 
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cies   of  Oak,  we  need  not  consume  space    in    describing 
this  family,  but  may  pass  at  once  to  the  genus. 


9.  OAK. 


The  Oaks  belong  to  that  group  of  trees  that  are  often 
.spoken  of  as  "hardwoods."  While  the  quality  of  the 
wood  in  the  several  species  differs  greatly,  yet  all  furnish 
timber  of  much  value.  As  sources  of  lumber  for  furni- 
ture, implements,  machinery  and  for  all  sorts  nf  timbers 
where  great  strength  is  required  this  group  holds  an  im- 
portant place. 

(1)  BUR  OAK. 

{Queriiis  mairciarp.i  Michic.f 

■— — 1         Description. — l.eavos  obo 

I      vale,  (Iee(>Iy    lohcil,   Ihe    lobes 
'  rounded,      pale     and      slightly 

diiwny  beneath:  nul  at  rirsi 
wholly  eiicl.)scd  in  the  cup, 
becoming  rather  [ar^e  and  at 
niaturily  usually  less  ihan  half 
enclosed;   the  scales  of  the  cup 


;  This    species   has   a 

wide    range    In    North 

America    and     in    fa- 

I  j    vorable    situations  be- 

XXIV.   BurOMk    Ac^r»,«^.uu,->  comes     a     very    large 

tree.     Like  most  oaks, 

it  thrives  only  at  low  altitudes.      On    that    account    it   is 

something  of  a  surprise  to  find  it  in  Wyoming  at  all.     It 
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is,  however,  quite  abundant  among  the  hills  in  the  lowest 
portions  of  Crook  County.  In  such  situations  it  is  usually 
much  reduced  in  size,  but  here  in  some  places  it  is  not 
only  well  represented  but  many  specimens  become  fine 
trees  2  to  3  feet  in  diameter.  It  is  one  of  the  valuable 
timber  trees   of  that  county. 


Maple  Family. 

(Aceraceie) 

The  Maple  Family  has  three    representatives,  all    of 
them  small,  the  Box  Elder  being  the  largest  of  the  three. 
The  Silver,   or  Soft,  Maple,  so  largely  used  as  a   shade 
I  tree  in  the  states  lying  to  the  east  of  this,  does  not  occur 

fc  here  and  will  not  endure  the  climate  of  many  parts  of  this 
state.  The  species  that  do  occur  are  all  much  hardier, 
but  are  shrubby  in  habit  and  less  well  adapted  for 
transplanting. 

« 

10.  MAPLE. 

(Acer) 

This  is  the  only  genus  in  this  family  in  North  Amer- 
ica. All  its  members  are  trees  or  shrubs  with  watery  or 
sweetish  sap,  the  seed-like  fruit  in  pairs  and  conspicuously 
winged.      Our  species  are  as  follows: 

[  (1)  DWAEF  MAPLE. 

1  [Acer  i^/ii/yrurti  Torr.) 

Description. — Leaves  l  to  2  inches  lon^jj,  smooth  or 
nearly  so  on  both  sides,  lobed,  the  lobes  acute  and  sharp- 
ly toothed:  the  winged  seeds  about  I  inch  long. 

This  species  is  common  in  the  foot- 
hills and  the  more  broken  areas  of  the 
state.      It  prefers  canons  and  canon   sides 
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where  it  is  hardly  more  than  a  shrub,  growing  in  clumps 
of  larger  or  smaller  size.  More  rarely  it  becomes  a  small 
tree  30  to  30  feet  high.  It  may  always  be  recognized  by 
its  paired  (opposite)  buds,  sharply  lobed  leaves,  light  col- 
ored bark  and  the  paired  wing-fruits.  A  clump  or  two 
of  it  on  the  home  grounds  would  add  much  to  the  inter- 
est of  the  surroundings. 

(2)    LABOE-TOOTH  UAFLE. 

Description. — Leaves     3 -lobed,      the    notches 

ded  and   the  lobes  u-avy- toothed,  larger  than  in 

ding:     seeds  as  in  the  foregoing  but  slightly 


This  Maple  belongs  west  of  our 
range  but  it  occurs  sparsely  in  the 
southwestern  part  of  the  state  and  pos- 
■  sibly  along  our  whole  western  border. 
It  is  nearly  related  to  the  Sugar  Maple  but  being  small 
and  scattering  its  sap  is  not  utilized.  In  rare  instances 
the  trees  become  35  to  40  feet  high  and  a  foot  in  diam- 
eter. The  sketch  of  the  leaf  shows  the  characters  that 
easily  separate  this  leaf  from  that  of  the  preceding.  With 
leaf  and  seeds  (even  young  ones)  in  hand  there  can  be  no 
mistaking  this  for  any  of  our  other  trees. 
(3)  BOX  ELDER. 

(./,.,  „.^',W.I.inn) 

Description.— Leaves  compirand,  i.  e.  3  to  j 
leaflets  (as  shon-n  in  tigure)  on  each  leafstalk,  pub 
fscent  when  yuiing,  smooth  when  old,  few  toothed 
or  rarely  jonicwhat  iolied:  wing  fruits  paired  and 
very  similar  to  the  preceding  Maples  but  brooder 
and  tinely  veined. 

We  do  not  always   think  of  the 

Box  Elder  as  a  Maple  but  its  fruit  and 

floral  characters  show  that  it  is  very 
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closely  related  to  the  others.  It  is  fairly  plentiful  through- 
out the  entire  eastern  part  of  the  state  along  the  streams. 
Its  habit  is  always  tree-like  but  it  rarely  attains  a  great 
size — 25  to  40  feet  in  height  and  a  foot  in  diameter  being 
probably  the  maximum.  It  is  hardy  and  may  be  readily 
transplanted  though  in  higher  portions  of  the  state  it 
makes  slow  growth  and  may  need  some  protection.  Its 
fruits,  its  leaves  and  the  slender,  drooping  clusters  of 
greenish  flowers  make  it  easily  recognizable. 


Olive  Family. 

This  family  contains  about  a  score  of  genera  only  a 
few  of  which  belong  to  North  America.  Of  these  the 
common  Lilac  {Syringa)  and  the  Ash  {Fraxinus)  are  the 
best  known.  Since  the  members  of  this  family  differ 
greatly  among  themselves,  our  species  only  need  be  con- 
sidered. 


11.  ASH. 

{Fraxinus^ 

Of  the  dozen  or  more  species  in  the  United  States, 
one  (possibly  two)  occurs  in  Wyoming.  All  are  trees 
and  some  of  them  attain  a  great  size,  furnishing  timber  of 
much  value.  They  are  easily  known  by  the  compound 
leaves  and  the  winged  fruits  as  shown  in  the  figure  below. 
The  fruits  are  borne  in  clusters  and  do  not  differ  mater- 
ially except  in  the  relative  size  of  the  wing  and  the  body 
of  the  seed. 

— <14) 
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(1)  GBEEN  ASH.* 

{Fraxinus  lanceolatus  Borkh.) 

Description. — Leaflets  5-9,  Bnely  toothed  on  the 
margins,  long  pointed,  green  on  both  sides:  male  and 
female  flowers  on  different  trees,  in  a  close  cluster,  ap- 
pearing with  or  before  the  leaves:  fruits  about  \%  inches 
long. 

/  This  species  appears  but  sparingly  in 
this  state,  only  so  far  as  known  on  some  of 
the  streams  in  the  eastern  part,  though 
probably  it  occurs  northward  in  the  lowest 
portions  of  the  state  as  well.  Its  wood  is 
valuable  but  the  trees  with  us  are  too  small  and  scatter- 
ing to  have  any  economic  importance  except  as  it  may 
be  used  as  a  shade  or  ornamental  tree. 


Plum  Family. 


{Drupacece, ) 

This  family  is  represented  by  the  common  Wild 
Plum  and  one  species  of  Choke  Cherry.  As  is  well  known 
these  trees  are  all  small,  all  have  a  fleshy  fruit  with  a  sin- 
gle stone-like  seed. 


PLUM  AND  CHERRY. 

{Primus  J) 

Here  belong  Plums  and  Cherries  of  all- kinds,  too 
well  known  to  need  any  description.  Our  species  are  as 
follows: 


*There  is  a  possibility  that  in  the  Black  Hills  of  Crook  County  some  specimens  of  the  Red 
Ash  (Fraxinus  FfnHsvivanica  Marsh)  may  be  found.  Though  it  rather  closely  resembles  the 
Green  Ash  yet  it  may  be  known  by  the  leaves  being  pale  and  soft,  or  velvety,  hairy  below  and  the 
body  of  the  seed  being  about  as  long  as  the  wing. 


i 
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(1)  WILD  PLUM. 

(Prunus  Americafia  Marsh) 

Description. — Leaves  ovate,  f>ointed,  sharply  toothed,  smooth  when  old: 
fruit  globose,  red  or  yellowish;  seed  flattened. 

* 

This  small  tree  occurs  with  more  or  less  frequency  in 
the  northeastern  counties  and  yields  occasionally  a  con- 
siderable amount  of  its  pleasantly  acid  fruit.  It  is  well 
worthy  of  cultivation  for  not  only  does  it  yield  better 
fruit  and  more  of  it,  when  the  tree  is  cared  for,  but  it  is  at 
the  same  time  a  desirable  addition  to  the  trees  of  the 
home  grounds,  because  of  its  wealth  of  white  flowers. 

(2)  WESTEEN  CHOKE  OHEBBT. 

{Prunus  demissa  (Nutt)  Walp.) 

Description. — Leaves  ovate,  acute,  finely  serrate:  the  white  flowers  in 
dense,  cylindrical  clusters:  fruit  when  ripe  nearly  black. 

In  most  localities  this  is  only  a  small  shrub  but  in 
very  favorable  situations  it  becomes  a  tree  20  or  more  feet 
high.  The  handsome,  clustered  flowers  and  f»*uit  ought  to 
give  it  more  extended  use  in  ornamenting  the  home 
grounds.  From  the  fruit  may  be  made  a  superior  jelly, 
especially  when  mixed  with  other  native  fruits  such  as  the 
Barberry  or  Buffalo  Berry. 


Apple  Family. 

i^Pomacccc) 

Of  the  several  genera  in  this  family  we  need  to  notice 
but  two.  These  in  common  with  the  others  have  a  fleshy 
fruit  formed  by  the  thickened  calyx  tube  which  encloses 
the  seed  vessels. 
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13.  HAW. 

[Cratagus) 


■MchMy."— AVBrj.  f/. 

The  Haw,  or  Hawthorn  as  it  is  often  called,  includes 
several  species  of  small  trees,  mostly  with  short,  well 
formed  trunks,  a  rounded  bushy  top  and  more  or  less 
thorny  or  spiny  branches.  The  small,  edible,  apple-like 
fruit  with  its  large,  bony  seeds  well  distinguishes  this 
genus. 

(1)  BLACK  HAW. 

\Crttt<csus  Douglasii  rivularis  Satgent) 

Description.— Leaves  nar- 
rowly to  broadly  ovate,  irreg- 
iilarly  sharply  toolhed,  niostlv 
green  and  smooth  above,  paler 
beneath:  fruit  black  when  ripe, 
about  >i  of  an  inch  in  diameter: 
thorns  stout,  an  inch  (more  or 
less)  in  length. 

Asmalltreeof  line  ap- 
pearance, well  worthy 
of  cultivation.  Its 
wealth  of  flowers  in 
May  or  June,  accord- 
ing to  altitude,  and  its 
abundant  clusters  of 
fruit  which  remain  on 
the  tree  for  a  long  time 
make  it  an  object  of 
much  interest.  There 
are  two  forms  of  this 
xxv-BUti;  Haw.  jtj  the  state  which  dif- 

fer slightly  in  leaf  form  but  prbably  in  no  essential  charac- 
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ter.     It  occurs  on  most  of  the  larger  streams  of  the  state, 

and  may  be  at  once  separated  from  the  next  by  its  black 

fruit 

(2)  LONQSPINE  HAW. 

(Crataegus  macracantha  (Lindl.)  Loud.) 

Description.*— Leaves  sharply  double-toothed,  dark  green,  smooth  above, 
slightly  hairy  on  the  veins  beneath:  calyx  glandular:  fruit  globose,  about 
)^  of  an  inch  in  diameter,  red  when  ripe. 

This  species  is  more  shrub-like  and  with  more  strag- 
ling  branches  but  it  is  equally  desirable  for  home  planting. 
Its  wealth  of  white  blossoms  and  its  red  fruit  make  it  an 
attractive  shrub  or  tree.  While  the  fruit  has  no  great 
value  yet  of  the  two  this  is  probably  superior  to  that  of 
the  preceding.  This  species  is  not  known  to  the  writer 
as  occurring  in  this  state  outside  of  Crook  county  but  it 
probably  exists  elsewhere  also. 


14.  SERVICEBERRY. 

i^Amelanchier) 

*'  The  shad-bush,  white  with  flowers. 
Brightened  the  glens." — Bryant. 

This  is  the  name  given  to  a  few  species  of  shrubs  and 
small  trees  belonging  mostly  to  North  America,  and  vari- 
ously known  asjuneberry,  *  sarvice  *  berry,  and  shad-bush. 
It  generally  occurs  in  broken,  hilly  country  and  produces 
an  abundance  of  edible,  berry-like  fruits.  The  species  given 
below  is  common  throughout  the  Rockies  and  is  the  only 
one  that  becomes  a  tree  in  this  .state,  and  that  rarely, 
though  it  is  abundant  as  a  shrub. 

(1)  WESTERN  SEBVIOEBEEET. 

{Amelanchier  alnifolia  Nutt.) 

Description. — Leaves  thick,  rounded  or  elliptic,  toothed  around  the  up- 
per half  only:  flowers  in  clusters  (racemes),  white,  appearing  before  or  with 
the  leaves:  fruit  purple  or  nearly  black  when  mature,  %  to  Yj^  inches  in  di- 
ameter. 
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Occurring  among  the.  hills  throughout  the  state,  es- 
pecially along  the  streams  at  middle  altitudes.  The  fruit 
is  palatable,  particularly  if  fresh,  though  it  is  used  to  a 
considerable  extent  as  sauce  and  in  pics.  Ripening  in  July 
or  August,  according  to  altitude. 


Oleaster  Family. 

(E/aagftacea). 
Two  tree-like  shrubs  are  to  be  mentioned  under  this 
family  because  of  their  ornamental  value.     Both  have  sil- 
very foliage,  due  to  minute  scales  which  cover  the  surface, 
both  have  one-seeded  fruits. 


XXVI.    SILVER  BERRY.     T^vs,  U 


the  freea  of  Wy&mi/ng. 


15.  SILVER  BERRY. 

{EltEagnus  argentea  Pursh. ) 


This  beautiful  shrub  occurs  in  the  northern  and  west- 
ern parts  of  the  state,  mostly  on  the  bluffs  and  ridges  ad- 
jacent to  streams.  It  is  not  common  but  may  have  a 
wider  distribution  than  has  yet  been  shown.  Its  perfectly 
matched  leaves  and  (ruit,  as  to  color,  makes  it  of  much 
interest. 


16.  BUFFALO  BERRY. 

{Lepargyrta  argentea  (Nutt.)  Greene) 

Description. — Leaves  oblong,  ob- 
tuse, silvery  on  both  sides;  frujt  a  small, 
oval  berry,  bright  scarlet  when  ripe, 
highly  acid,  edible:     brunches  spiny. 

This  well  known  shrub 
occurs  in  many  parts  of  the 
state.on  the  stream  banks.  Its 
silvery  leaves  and  its  profu- 
sion of  small,  scarlet  berries 
give  it  a  conspicuous  beauty 
all  its  own.  The  fruits  are 
largely  gathered  for  the  excel- 
lent jams  and  jellies  that  can 
be  made  from  them.  Screens 
and  hedges  of  this  useful  shrub 
can  be  used  to  advantage  by 
the  landscape  gardener  on 
either  home  or  public  grounds. 


XXVlL—BufFala  Berry.     Twj 
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XXVII.    BUFFALO  BERRY.    A  talurai  htJft  rf  utli itm 


\%  it  too  much  fo  hope  that  this  bullelin  may  be  one  of  the  factors  (how- 
ever small)  which  shall  arouse  in  our  people  a  keener  appreciation  of  Ihe  value 
of  our  forests,  a  more  loyal  support  of  all  measures  looking  to  their  preserrs- 
tion,  a  greater  interest  in  Ihe  beautifying  of  our  homes  and  public  grounds 
with  treea  anil  shrubbery  and  a  more  cheerful  willingness  lo  work  and  jilant, 
thai  those  who  conie  nf  ter  us  may  have  a  more  wholesome  and  happier  place 
in  which  to  live  ?  As  we  interest  ourselves  in  these  directions,  Ihe  love  of  na- 
ture will  grow  u|ion  us  and  we  loo  shall  say. 

Find>  lon^H  In  urn,  book*  in  ninning  tn»l», 

Sermont  in  nonn.  and  grxxl  in  every  tiant."—Slutlnsfttrt. 
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Wealthy  34:146. 

Whitney  Crab  34:146. 

Yellow  Transparent  34:146, 
Apricots  at  Lander  34:111. 

varieties  at  Wheatland  34:147. 
Aquilegia  28:78. 
Arabis  28:81,  204. 
Aralia  28:117. 
Arceuthobium  28:176. 
Arliaceae  28:147. 
Arctostaphyloe  28:147. 
Arenaria  28:87. 
Argemone  28:80. 
Aristida  28:190. 
Arnica  28:139. 
Artemisia  28:137;  31:310. 
Asclepiadaceae  28:150. 
Asclepias  28:150. 
Asplenium  28:199. 
Aster  28:125. 
Astragalus  28:95,  205. 
Atriplex  28:171. 
Aulacomnium  28:200. 
A  vena  31:309. 

Bahia  28:185. 
Balsaimorhiza  28:133. 
Barbarea  28:80. 
Barbula  28:200. 

Barley,  effects  of  alkali  on  germina- 
tion 29:282. 
effects  of  alkali  on  growth  of  39:241. 
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Barley,  effects  of  altitude  on  37:232, 
233. 

effects  of  irrigation  on  37:235,  236. 

seed  per  acre  37:210. 

seed  per  acre  at  Laramie  37:218. 

seed  per  acre  at  Lander  37:219,  220. 

seed  per  acre  at  Sheridan  37:224. 

stooling  of  at  Laramie  37:215,  216. 

stooling  of  at  Sheridan  37:221;  222. 

stooling  of  at  Sundance  37:225. 

stooling  of  at  Wheatland  37:226. 

tillering  and  yields  in  different  locali- 
ties 37:229. 

Barometer,  Laramie  1895,  27:20. 

Barometric  movements,  laws  of  27:4. 

Batrachospermum  28:202. 

Beckmannia  28:193. 

Beet  Sugar  36. 

Berberidaceae  28:80. 

Berberis  28:80. 

Betula  28:178. 

Bidens  28:134;  31:310. 

BigeloYia  28:122. 

Blackberries,  culture  of  34:95. 

Early  King  34:130,  151. 

Snyder  34:130. 

varieties  at  Lander  34:115,  116. 

varieties  at  Wheatland  34:151. 

Wilson,  Jr.  34:130,  151. 

Boraginaceae  28:156. 
BoUnical  work  in  State  28:68. 
Bouteloua  28:193. 
Brachythecium  28:201. 
Brassica  28:83;  31:310. 
Brickellia  28:119. 
Bromus  28:196. 
Brunella  28:167. 
Bryanthus  28:147. 
Bryum  28:201. 
Buchloe  28:193. 

Buckeye  Oatmeal,  analysis  of  88:76, 
77,  80. 


Buffalo  Bur  31:298,  308. 
Bull  Thistle  31:292,  308. 
Bupleurum  28:115. 
Bur  Grass  31:309. 

Cactus  28:114. 

Cactaceae  28:114. 

Calamagrostis  28:192.     , 

Calandrina  28:88. 

Callitriche  28:110. 

Calochortus  28:183. 

Caltha  28:78. 

Calypso  28:181. 

Camelina  31:308. 

Campanula  28:147. 

Campanulaceae  28:147. 

Camps,  see  Collecting  localities. 

Canada  Thistle  31:289,  308. 

Caprifoliaceae  28:118. 

Capsella  28:84;  31:310. 

Cardamine  28:81. 

Carduus  31:308. 

Carex  28:187. 

Carum  28:116. 

Caryophyllaceae  28:86. 

Castilleia  28:163. 

Catabrosa  28:194. 

Ceanothus  28:91. 

Celastraceae  28:91. 

Cenchrus  31:309;  28:190. 

Cerastium  28:86. 

Ceratodon  28:200. 

Cercocarpus  28:101. 

CEREAL  FOODS,  COMPOSITION  OP 

33. 
Cerealine,  analysis  33:76,  77,  78. 
CereuB  28:115. 
Chaenactis  28:184. 
Chara  28:202. 
Chamaerhodos  28:105. 
Chart,moisture  content  of  soils  85:188L 
Soil  texture  35:182. 
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Cheilanthes  28:199. 
Chemical  Analysis  of  Wyoming  SoiU 
35:176. 

Laramie  EiXperiment  Farm  35:178. 

Lander  E^xperiment  Farm  35:178. 

bueridan  Experiment  Farm  35:177. 

Sundance  Experiment  Farm  35:177. 

Wbeatland  Experiment  Farm  35:176. 
Chenopodiaceae  28:170. 
Chenopodium  31:309;  28:170. 
Cherries  at  Lander  34:111. 
Cherries  at  Sheridan  34:129. 

at  Sundance  34:142. 

at  Wheatland  34:147. 

Cherry,      Dwarf      Rocky      Mountain 
34:138;  38:22. 
Early  Richmond  34:147. 
Intorka  34:147. 
Morello  34:147. 
Ostheim  34:148. 
Rocky  Mountain  34:148. 

Chimaphila  28:148. 

Chrysopsis  28:120. 

Cicuta  28:116. 

Clarkia28:in. 

Classes  of  Weeds  31:272. 

Claydonia  28:203. 

Claytonia  28:88. 

Clematis  28:75. 

Cleome  28:84;  31:310. 

Climacium  28:201. 

Climate,  general  phenomena  of  27:5. 

for  June>  July  and  August  27:3. 
Cnicus  28:143. 
Cockle  31:286,  308. 
Cockle  Bur  31:309. 
Coldenia  28:156. 
Collecting  Localities  28:53.  72. 
Colleoting  Trips  28:48. 
Collinsia  28:162. 
Comaceae  28:118. 
Comandra  28:176. 


Commelinaceae  28:184. 
Common  Crab  Grass  31:309. 
CcHnpoBitae  28:119. 

COMPOSITION  OF  PREPARED  CER- 
EAL FOODS  33. 

Coniferae  28:197. 

Convolvulaceae  28:159. 

convolvulus  28:159;  31:309. 

Capparidaceae  28:84. 

Cordylanthus  28:164. 

Com  foods,  analysis  of  33:76-81. 

Cormack's     Nudav^ie,      analysis     of 

33:76.  77,  80. 
Comus  28:118. 
Corrections  28:45.  205. 
Corydalis  28:80. 
Crassulaceae  28:110. 
Crataegus  28:106. 
Crepis  28:143. 
Crtcket  Utah  32:13. 
Croton  28:177. 
Cruciferae  28:80. 
Cryptogramme  28:199. 
Cryptogams  28:178. 
Cupuliferae  28:178. 
Currants.  Black  Naples  34:117. 

CrandalL34:150. 

Culture  of  34:96. 

Holland  34:117. 

Lee^s  Prolific  34:150,  117. 

Red  Cherry  34:150,  117. 

varieties  at  Lander  34:116. 

varieties  at  Laramie  84:101. 

vaHeties  at  Sheridan  34:130.  131. 

varietiefl  at  Wheatland  84:149. 

White  Grape  84:117,  149. 
Crops  for  Alkali  soils  29:233. 
Cuscuta  28:160;  81:309. 
Cycloloma  28:170. 
Cymoptems  28:116. 
Cyperaceae  28:186. 
Cystoperis  28:200. 
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Dalea  28:95. 
Dandelion  31:306,  308. 
Danthonia  28:198. 
Delphinium  28:79;  81:310. 
Deschampsia  28:102. 
Deematodon  28:200  . 
Determination  of  moisture  in  the  soil 
of  Laramie  Experiment  Farm  for 
year  1897  35:184. 
Dewberries,  culture  34:95. 

Lucretia  34:130. 

Mammoth  34:130. 

yarieties  at  Lander  34:115,  116. 

Tarieties  at  Laramie  34:102. 

Dew-point  Laramie  1895  27:20. 
Disporum  28:184. 
DisUchlls  28:194. 
Dock  31:308. 
Dodder  31:309. 
Dodecatheon  28:149. 
Doryphora  decemllneata  32:12. 
Douglas  and  Stuart's  Rolled  Oats,  an- 
alysis of  33:76,  77,  81. 

Draba  28:82. 
Dracocephalum  28:167. 
Dysodia  28:136. 

Eatonia  28:196. 

Ek^hinocactus  28:114. 

Ek^hinospermum  28:156;  31:810. 

Elaeagnaceae  28:176. 

Blaegnus  28:176. 

EHeocharls  28:186. 

Ellisia  28:155. 

Elodia  28:181. 

Elymus  28:197. 

Eqniaetaceae  28:199. 

Equisetum  28:199. 

Eragrostis  28:194. 

Ericaceae  28:147. 

Erigeron  28:129. 

Eriogonum  28:172. 


Eriophorum  28:187. 

Eriophyllum  28:135. 

Errata  28:45,  205. 

Erysimum  28:83. 

Erysiphe  28:203. 

Erythronium  28:183. 

euphorbia  28:177. 

Euphorbiaceae  28:177. 

iiiurotla  28:171. 

EiVaporation  at  Laramie  1895  27:15. 

Evemia  28:208. 

Evolution  of  Weeds  31:269. 

Evolvulus  28:159. 

Explanations  28:71. 

Fake  Flax  31:308. 
J.  arina,  analysis  of  33:76,  77,  79. 
Farinose,  analysis  of  33,  76,  77,  79. 
Feeding  Ewes  30:262. 
Feeding  Sheep  30:261. 
Feeding  Steers  30:257. 
Fertilizers,   bone  meal  with   potatoes 
32:9. 

for  potatoes  32:9. 

green  manuring  for  potatoes  32:11. 
Festuca  28:196. 
l<ilago  28:131. 
Filices  28:199. 
Floral  Calendar  28:67. 
Flora  of  the  Foothills  28:62. 
Floras  of  the  Pacific  and  the  Atlantic 
Slopes,  the  28:65. 

FLORA  OF  WYOMING  28. 

FOODS:     COMPOSITION     OF     PRE- 
PARED CEREAL  Sh. 

b'ragaria  28:102. 

Franseria  28:132;    3i:308. 

Frasera  28:152. 

Fraxinus  28:150. 

Fritillaria  28:183. 

FRUIT  GROWING  IN  WYOMING  34. 
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Fruit  culture  34:88. 
experiments  34:85. 
growers  in  Albany  County  34:103- 

105. 
growers  in  Big  Horn  County  34:154. 
growers  in  Carbon  County  34:155. 
growers  in  Converse  County  34:154. 
growers  in  Crook  County  34:143. 
growers  in  Fremont  County  34:124. 
growers  in  Laramie  County  34:152. 
growers  in  Natrona  County  34:154. 
growers  in  Sheridan  County  34:187. 
notes  on  Laramie  Plains  34:137. 

Fruit  raising,  experience  of  G.  W.  Bar- 
low 34:137; 
experience  of  J.  M.  Carey  34:152. 
experience  of  J.  N.  (Jordon  34:153. 
experience  of  Mr.  Lund  34:104. 
experience  of  C.  H.  Manning  34:139. 
experience  of  J.  S.  Meyer  34:124. 
experience  of  J.  C.  Morgan  34:155. 
experience  of  J.  H.  Taylor  34:154. 
experience  of  Edward  Young  34:126. 

Fruits  at  Lander  34:106,  107. 

Fruits,   hardy  varieties  for  Wyoming 
34:157. 
irrigation  of  34:98. 
at  Laramie  34:101. 
at  Sheridan  34:127. 
at  Sundance  34:141. 
at  Wheatland  34:144. 

Fruits,  small  34:94. 
small  at  Sundance  34:142. 
small  at  Wheatland  34:149. 

I  ruit  trees,  distance  apart  34: 91. 
eastern  vs.  western  34:108. 
fall  irrigation  of  34:99. 
winter  protection  34:92. 

Fuel  value  of  foods  33:74. 
Fumariaceae  28:80. 
Fungi  28:202. 


Gaillardia  28:136. 
Galium  28:119. 
Gaura  28:113. 
Gayophytum  28:111. 
General  Phenomena  of  Climate  27:5 
Genera,  Index  to  28:215. 
Gentiana  28:151. 
Gentianaceae  28:151. 
Geraniaceae  28:90. 
Geranium  28:90. 

Germade,  analysis  of  33:76,  77,  80. 
Geum  28:101. 
Gilia  28:153. 
Glaux  28:150. 

Glutena  Food,  analysis  of  33:76,  77,  81. 
Glyceria  28:195. 
Glycerrhiza  28:99;  31:310. 
Gnaphalium  28:132. 
Golden  Sheaf  Wheat  Flakes,  analysis 
of  33:76.  77,  8L 

Gooseberries,  culture  of  34:96. 
Downing  34:150,  117. 
Golden  Prolific  34:118. 
Houghton  34:118,  150. 
Industry  34:118. 
Smith's  34:118. 
varieties  at  Laramie  34:103. 
varieties  at  Sheridan  34:131. 
varieties  at  Wheatland  34:150. 

Goose  Grass  31:310. 
Gramineae  28:189. 

Grain  rust  in  thin  and  thick  planting 
37:223. 
stooling  experiments  37:212. 
stooling  of  37:207. 
Grains,  effects  of  altitude  on  stooling 
of  37:230. 
effects  of  irrigation  on  stooling  of 

37:233. 
practical  hints  on  growing  37:287. 
stooling  of,  summary  of  results  on 
the  37:209. 


Index  Bulletin  B. 


13 


s 


Grapes  at  Lander  34:112. 

at  Sheridan  34:^9. 

Brighton  34:114. 

Concord  34:113. 

culture  of  34:96. 

Delaware  34:114. 

Green  Mountain  34:115. 

Martha  34:114. 

Moore's  Diamond  34:114. 

Wyoming  Red  34:113. 
Great  Ragweed  31:309. 
Green  Foxtail  31:309. 
Grindelia  28:120;  31:310. 
Gutierrezia  28:120. 
Gymnolomia  28:133. 
Gum  Plant  31:310. 

Habenaria  28:181. 

Halorageae  28:110. 

Harbourla  28:116. 

Hardiness  of  Native  PlanU  28:67. 

Hornby's  Oatmeal,  analysis  of  38:76, 

77,  79. 
Hedeoma  28:166. 
Hedge  Bindweed  31:309. 
Hedysarum  28:99. 
Helenium  28:136. 
Helianthus  28:133;   31:309. 
Heracleum  28:117. 
Heuchera  28 :  107. 
Hieracium  28:144. 
Hierochloa  28:190. 
Hippuris  28:110. 
Hordeum  28:197;  31:308. 
Horticulture  m  Wyoming  34:86. 
Humidity,  relativ^  Laramie  27:20. 
Hamulus  28:177. 
Hydrocharitaceae  28:181. 
Hydrophyllaceae  28:155. 
Hydrophyllum  28:155. 
Hymenopappus  28:135. 
Hypericaceae  28:89. 


Hypericum  28:89. 
Hypnum  28:201. 

Illecebraceae  28:169. 
Illustrations — 
Alfalfa  in  Alkali  29:249. 
Apples,  Antonovka  34:140. 
Apples,  Oldenburg  34:124,  152. 
Apples,  Wealthy  34:140,  85,  93. 
Apple    Tree,    Wealthy,    in    bearing 

34:126.' 
Apple  Trees,  Ben  Davis  34:110. 
Apricot  Tree  34:146. 
Apricots,  Gibb  34:152. 
Barley  in  Alkali  20:24L 
Barley,   Manshury   from   fifty  seeds 

37:212. 
Black^berries,  Crystal  White  34:116. 

five  varieties  34:116. 
Briar  Sweet  Crab  in  bearing  34:108. 
Buffalo  Bur  31:299. 
Bull  Thistle  31 :  293. 
Bull  Thistle,  second  year  31:294. 
Canada  Thistle  31:290. 
Canada  Thistle  31:291. 
Cherry,     Dwarf     Rocky     Mountain 

34:138. 

English  Morello  in  bearing  34:148. 
Chili  Wheat  from  fifty  seeds  37:207. 
Cockle  31:287. 

Common  Tumble  Weed  31:305. 
Crab  Trees,  General  Grant  34:128. 
Crab  Trees.  Siberian  34:104. 
Currants,  Crandall  34:142,  150. 
Currants,  White  Grape  34:102,  104. 
Currants,  Red  Cherry  34:88,  101. 
Dewberries  34:116. 
Grape,  Brighton  34:114. 

Concord  34:ll-z. 

Delaware  84:114. 

Martha  34:114. 

Moore's  Diamond  34:114. 
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Illustrations — 
Grapes,  native  84:97. 

\vyoming  Red  34:114. 
Gooseberry,  Downing  34:118. 

Industry  84:130. 

Low  Amaranth  31:804. 
Oats  in  Alkali  29:245. 
Orchard  at  Wheatland  84:144. 
Orchard  of  James  Cantlin  34:155. 
Perennial  Franseria  31:302. 
Potato  plat  32:48. 
Potatoes,  varieties  32:48. 
Poverty  Weed  31:301. 
Prickly  Lettuce  31:297. 
Raspberries  34:118,  132. 
Russian  Thistle  31:266. 
Russian      Thistle,      detail      figures 
31:279. 

Russian  Thistle,  usual  form  31:282. 
Rye  in  Alkali  29:242. 
Siberrian  Crab  Tree  34:104. 
Squirrel  Tail  Grass  31:284. 
Strawberries  34:122. 
Strawberry,  Bldwell  34:122. 

Captain  Jack  84:122. 

Charles  Downing  34:106. 

Edgar  Queen  34:120. 

Jessie  34:122. 

Strawberry  bed  (new)  34:134. 
Turnips  in  alkali  29:238. 
Vineyard  at  Lander  34:112. 
Wheat  in  Alkali  29:246. 
Wineberry,  Japanese  34:114. 
Wineberry,  Japanese  84:121. 

INDEX  BULLETIN  A. 

Instruments,  iMeterological  used  at  Ex- 
periment  Station  2T:7. 
Maximum  and  minimum  thermome- 
ters 27:14. 
Quardruple  Register  27:10. 
Introduced  plants  28:66. 


Ipomea  28:159. 
Irtdaceae  28:182. 
Iris  28:182. 

Irrigation,  effects  on  Barley  37:235, 
236. 

effects  on  Oats  37:236,  236. 

effects  on  stooling  of  Grains  37:2St 

effecU  on  Wheat  37:235,  286. 

of  iTruits  34:98. 

of  potatoes  32:32. 

sub  34:100. 

water,  kinds  of  Alkali  in  19:222. 

Insects  on  Potatoes  32:12. 
Iva  28:132;   31:310,  308. 

Jamesia  28:108. 
Japanese  Wineberry  34:119. 
Juncaceae  28:184. 
Juncus  28:184. 
Juniperus  28:198. 

Kalmia  28:148. 
Koeleria  28:194. 
Krynitzkia  28:156. 
Kuhnia  28:119. 

Labiatae  28:166. 
Lactuca  28:146;   31:308. 
Lamb  feeding  80:262. 
Lambs'  Quarters  31:309. 
Laramie  Farm,  altitude  27:2. 
Laramie  table  of  weather  obsenrationi 
27:20. 

Lathyrus  28:100. 
Leguminosae  28:92. 
Lepachys  28:133. 
^pidtum  28:84;  31:310. 
Leptobryum  28:201. 
Lesquerella  28:82. 
Leucocrinum  28:182. 
Lewisia  28:89. 
Liatris  28:120. 
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Lichenes  28:203. 
Ligusticum  28:116. 
Uliaceae  28:182. 
Linaceae  28:90. 
Unum  28:90;  31:809. 
Lippia  28:165. 
Ustera  28:181. 
Uthospermum  28:159. 
Loasaceae  28:118. 
Lonicera  28:118. 
Lophanthus  28:167. 
Loranthaceae  28:176. 
Lnpinos  28:92. 
Lnzula  28:185. 
Lyeopus  28:166. 
Lygodesima  28:146;  81:308. 

HadU  28:134. 
Mallow  31:309. 
Ifalvaceae  28:89. 
HalTaatlum  31:809,  28:89. 
Marchantia  28:202. 
Marchantiaceae  28:202. 
Marsh  Blder  81:310. 

MECHANICAL  ANALYSIS  AND 
WATER  CONTENT  OF  WYOM- 
ING SOILS  35. 

Mecbanical  analysis  of  soils  36:160. 

Medicago  28:93. 

Melampsora  28:203. 

Melica  28:194. 

Melilotus  28:93. 

Melilotus  alba  on  alkali  soil  29:251. 

Mentha  28:166. 

Mentzelia  2^:113 

Mertensia  28:158. 

METEOROLOGY  FOR  1895  AND 
NOTES  ON  CLIBIATE  FROM 
1891-96  27. 

Meteorology,  Miscellaneous  obserya- 
tions,  Laramie,  1895  27:22. 


Meteorological  notes  1891-6  27:28. 
Lander  1891-96  27:29. 
Laramie  27:23. 
Evaporation  27:26. 
Frosts  27:81. 
General  summary  for  past  five  years 

27:30. 
Precipitation  27:27,  31. 
Temperature  27:24. 
Terrestrial  Radiation  27:27. 
Wind  27:27. 

Si^ratoga  27:31. 
General  summary  for  four  years  27: 

32. 
Precipitation  27:83. 
Sheridan  27:38. 
Frosts  27:36. 
General  summary  last  four  years  and 

a  half  27:84. 
Precipitation  27:85. 
Sundance  27:36. 
Frosts  27:38. 
General  summary  for  past  four  years 

27:36. 
Precipitation  27:88. 
Wheatland  27:38. 
Frosts  27: 4L 
General  summary  for  past  four  yeara 

27:39. 
Precipitation  27:40. 

Mimulus  28:162. 

Mitella  28:107. 

Mnium  28:201. 

Monarda  28:166. 

Moneses  28:148. 

Monolepis  28:170. 

MoDotropa  28:148. 

Monotropaceae  28:148. 

Monthly  range  of  temperature  27:18. 

Mountain  Flora  28:62. 

Muhlenbergia  28:190. 

Munroa  28:193. 
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Musci  28:200. 
Musenium  28:115. 
Myosotis  28:159. 
Myriophyllum  28:110. 

Naiadaceae  28:186. 
Nasturtium  28:80. 
Nature  of  weeds  31:267. 
Negundo  28:91. 
New  species  28:206. 
Nomenclature  and  citations  28:69. 
Noxiousness  of  weeds  31:270. 
Nuphar  28:80. 
Nymphaeaceae  28:80. 

Oats  analysis  of  33:76-81. 

dormant  in  presence  of  alkali  29: 
236. 

effects  of  alkali  on  germination  29: 
234. 

effects  of  alkali  on  growth  29:245. 

effects  of  altitude  on  37:232-233. 

effects  of  irrigation  on  37:235-236. 

seed  per  acre  37:210. 

seed  per  acre  at  Laramie  37:218. 

seed  per  acre  at  Sheridan  37:225. 

stooling  at  Lander  37:219. 

stoollng  at  Laramie  37:215. 

stooling  at  Sheridan  37:221-222. 

stooling  at  Sundance  37:225. 

stooling  at  Wheatland  37:226. 

tillering  and  yields  In  different  local- 
ities 37:228. 
Observers  27:15. 
Oenothera  28:112. 
Oleaceae  28:150. 
Onagraceae  28:110. 
Onosmondium  28:lu9. 
OpunUa  28:115, 
Orchard,  the  34:90. 
Orchards  cultivation  of  34:92. 
Orchldaceae  28:181. 


Oreoxls  28:117. 
Orobanchaceae  28:165. 
Orthocarpus  28:164. 
Oryzopsis  28:190. 
Osmorrhlza  28:116. 
Oxalls  28:90. 
Oxybaphus  28:168. 
Oxyrla  28:175. 
Oxytropis  28:  98,  31:810. 

Pachystima  28:91. 

Panicum  ^8:189,  31:309. 

Papaveraceae  28:80. 

Parietaria  28:x78. 

Paris  green  for  potato  beetle  32:12. 

Parmella  2^:203.      " 

Parnassla  28:107. 

Paronychia  28:169. 

Party,  The  28:50. 

Pastlnaca  2i9:117. 

Peas,  varieties  at  Lander  34:111. 
varieties  at  Sheridan  34:129. 
varieties  at  Sundance  34:142. 
varieties  at  Wheatland  34:148. 

Pedlcularls  28:155. 

Peltlgera  28:203. 

Pentstemon  28:161. 

Pepper  grass  13:310. 

Perennial  ragweed  31:310. 

Perrennlal  Franserla  31:300,  308. 

Permanency  of  weeds  31:271. 
^Petalostemon  28:95. 

JPetasltes  28:139. 
j  Peucedanum  28:117. 

Pettljohn*s  Breakfast  Food,  analysis  of 
33:76,  77,  79. 

Phacella  28:155. 

Phalarls  28:190.    . 

Phllonotls  28:200. 

Phleum  28:191. 
:  Phlox  28:152. 

Phragmidium  28:203. 


IndecB  BuUetin  B. 


17 


4 


Phragmites  2^8:194. 
Physalis  28:160. 
PhTsaria  28:82. 
PhTBocarpus  28:101. 
Physostegia  28:167. 
Picea  28:197. 
Pigweeds  31:303,  308. 
Pinna  28:197. 
Plains  Flora,  Tbe  28:60. 
Plantaginaceae  28:167. 
Plantago  28:167,  81:310. 

Plants,  list  of  28. 

Coulter's  report  28:208. 

Fremont's  expedition  28:207. 

Gray's  report  28:212. 

Hay  den  surrey  28:208. 

Jenney  surrey  28:212. 

Jones'  expedition  28:209. 

Parry's  report  28:209. 

Torrey's  repcnrt  28:207. 
Plant  zones  28:58. 
Plenrogyne  28:162. 
Plnms,  De  Soto  84:148. 

Hawkeye  34:148. 

Tarleties  at  Lander  34:112. 

varieties  at  Sheridan  34:129. 

varieties  at  Sundance  84:142. 

varieties  at  Wheatland  34:148. 

Wolf  34:148. 
Poa  28:194. 
Poison  weed  31:310. 
lolanisia  28:85. 
Polemonicaceae  28:152. 
Polemonium  28:154. 
Polled  Angus  steers  for  feeding  30: 
;        260. 
Polygonaceae  28:172. 
Polygonum  28:174,  81:309,  310. 
Polytrichum  28:201. 
Populus  28:180. 
Porcupine  grass  31:310. 
Portulaea  28:88,  31:309. 


Portulacaceae  28:88. 
Potamogeton  28:186. 
Potato  Beetle  Colorado  32:12. 

blight  32:17. 
Potato  experiments,  Liander  32:6. 

experiments  Laramie  32:6. 

experimenis,  Sheridan  32:7. 

experiments,  Sundance  32:7. 

experiments,  Wheatland  32:8. 

scab  32:14. 

maggot  32:13. 

cost  and' profit  with  32:35. 

different  amounts  of  seed  per  acre 
32:24. 

POTATOES  32. 

Potatoes  at  different  altitudes  32:27. 

different  ways  of  cutciug  seed  32:23. 

on  different  soils  at  Lender  32:6. 

ferUlizers  for  32:9. 

following   different   crops  at   Lara- 
mie 32:5. 

green  manuring  for  32:  IL 

insect  enemies  of  32:12. 

keeping  qualities  32:65. 

methods  of  preparing  seed  32:17. 

observations  and  experiments  82:3. 

on  millet  stuble  32:6. 

on  red  clover  ground  32:6. 

on  timothy  ground  32:6. 

on  wheat  stubble  32:6. 

planting  and  cultivation  of  32:32. 

soil  work  with  32:5. 

specific  gravities  of  32:29. 

summary  of  results  with  32:69. 

"The  First  Prize  Crop"  32:38. 

varieties  of  32:44-68. 

varieties,  notes  on  32:65. 

variety  test  32:42. 

variety  test.  Lander  32:49. 

variety  test,  Laramie  32:43. 

variety  test,  Saratoga  32:52. 

variety  test,  Sheridan  32:53. 


J 


18 


Wyoming  EwperimeiU  StatUm. 


Potatoes — 
variety  test,  Sundance  82:57. 
variety  test,  Wheatland,  32:61. 
whole  vs.  cut  seed  32:19. 
with  bone  meal  32:9. 
yields  in  Wyoming  32:28. 

Potentilla  28:102. 
Povert;y  weed  31:300,  308. 
Preciptation  table  27:20. 
PRESS  BULLETIN  5. 
Prickly  pear  cactus  28:309. 
Primula  28:149. 
Primulaceae  28:149. 
Pruning  trees  34:91. 
Prunus  28:100. 
Prunus  Bessei  34:138. 
Pseudoleskia  28:201. 
Pseudotsuga  28:108. 
Psoralea  28:93. 
Pteris  28:200. 
Pterospora  28:148. 
Purselane  31:309. 
Purshia  28:101. 
Pyrola  28:148. 
Pyrus  28:105. 

Quercus  28:178. 

Quaker  oats  33:76,  77,  79. 

Quince  at  Lander  34:112. 

Radiation,    terrestrial,    Laramie, 

27:20. 
Ragweed  31:310. 
Ramularia  28:203. 
Range  steers  for  feeding  30:260. 
Ranunculaceae  28:75. 
Ranunculus  28; 76. 
Raspberries,  Brandy  wine  34:133. 

cost  and  profit  with  34:133. 

culture  of  34:95. 

Cuthbert  34:133. 

Hansel  34:133. 
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Raspberries — 

Japanese  wlneberry  34:119. 

Thompson's  Early  Prolific  34:151. 

varieties  at  Lander  34:118-119. 

varieties  at  Sheridan  34:132. 

varieties  at  Wheatland  34:151. 
Rhamnaceae  28:91. 
Rhus  28:91. 
Ribes  28:108. 
Rib  grass  31:310. 
Rinodina  28:203. 

Rocky  Mountain  x5ee  plant  31:310. 
Rosa  28:105. 
Rosaceae  28:100. 
Route  and  principal  camps  28:53. 
xtubiaceae  28:119. 
Rubus  28:101. 
Rudbeckia  28:133. 
Rumex  28:175;  31:308. 
Russian  Thistle  31:274,  308. 

description  of  31:280. 

history  31:275. 

its  history  in  Wyoming  31:276. 

its  perniciousness  31:281. 

methods  of  control  31:281. 

methods  of  dispersal  31:277. 

special  danger  in  Wyoming  31:278. 

Kye,  effects  of  alkali  on  germination 
of  2»:233. 
effects  of  alkali  on  growth  29:242. 

Sagittaria  28:186. 

Salicaceae  2^9:178. 

Salicornia  28:172. 

Salix  28:178. 

Salsola  28:172,  3^:310. 

Salt  sage  for  alkali  soils  29:252. 

Salvia  28:166. 

Sambucus  28:118. 

banicula  28:115. 

Santalaceae  28:176. 

Sapindaceae  28:91. 
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Saponaria  28:86,  31:308. 

Sarcobatus  28:172. 

Sazifraga  28:106. 

Saxifra«:aceae  28:106. 

SchedonarduB  28:193. 

Scirpus  28:186. 

Scrophularia  28:160. 

Scrophulariaceae  28:160. 

ScTitellaiia  28:167. 

Seasons  at  different  altitudes  32:27. 

Sedum  28:110. 

Seed  germination  29:227. 

Selaginella  28:200. 

Selaginellaceae  28:200. 

Selinum  28:117. 

Senecio  28:140. 
I      Setaria  28 :  190 ;  31: 309. 
!•    Sheet),  cost  and  profit  in  feeding  30: 
I  264. 

,     Sheep  feeding  30:261. 
'      Shepberdia  28:176. 

Shepherd's  purse  31:310. 

Short  horn  steers  for  feeding  30:260. 

Sibbaldia  28:104. 

Sldalcea  28:89. 

Silene  28:86. 

Sioux  wheat  fiakes,  analysis  of  33:76, 
77,  80. 

Sisymbrium  28:182. 

Sium  28:116. 

Skeleton  weed  31:308. 

Smelowskia  28:83. 

Smilacina  28:182. 

Soils,  effects  of  alkali  on  20:225. 
I        soils  for  potatoes  at  Laramie  32:6. 
soils  for  potatoes  at  Lander  32:6. 
Soil    from    Lander    experiment    farm 

35  :m. 
Soil   from   Laramie   experiment   farm 

35:173. 
Soil  from  Sheridan  experiment  farm 
35:169. 


Soil  from  Sundance  experiment  farm 
35:167. 

Soil  from  Wbeatland  exp^iment 
farm  35:166. 

Soil,Laramie  farm,chemical  analysis  of 
35:178. 

Soil,  Lander  farm,  chemical  analysis  of 
35:178. 

Soil,  mechanical  analysis  of  from  Lau- 
der farm  35:171. 

Soil,  mechanical  analysis  of  from  Lara- 
mie farm  35:173. 

Soil,  mechanical  analysis  of  from  Sher- 
idan farm  35:169. 

Soil,  mechanical  analysis  of  from  Sun- 
dance farm  35:167. 

Soil,  mechanical  analysis  of  from 
Wheatland  farm  35:165. 

Soil,  moisture  in  35:184. 

Soil  moisture  in  cultivated  ground  35: 
187. 

Soil  moisture  in  prairie  sod  35:186. 

Soil,  percentage  of  lime,  phosphoric 
acid  and  potash  in  35:180. 

Soil,  Sheridan  farm,  chemical  analysis 
of  35:177. 

Soil,  Sundance  farm,  chemical  analysis 
of  35:177. 

Soil  temperature,  weekly  means  of 
Laramie,  1895  27:19. 

Soil  texture  of  typical  truck,  wheat, 
and  grass  lands  35:180. 

Soil  texture  of  typical  Wyomdng  35: 
181. 

Soil,  Wheatland  farm,  chemical  anal- 
ysis of  35:176. 

Solanaceae   28:160. 
Solanum  28:160,  31:308. 
Solidago  28:124. 
Sonchus  28:156,  31:309. 
Sow  Thistle  31:309. 
Spanish  needles  31:310. 
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Spartina  28:103. 

Specularia  28:147. 

Sphaeralcea  28:90. 

Spiraea  28:100. 

Spiranthes  28:181. 

Sporobolus  28:191. 

Squirreltail  grass  31:285,  308. 

Stachys  28:167. 

Stanleya  :^S:83. 

Steers,  cost  and  profit  in  feeding  80: 
259. 

Steironema  28:180. 

Stellaria  28:87. 

Stephanomeria  28:146. 

Stick  seed  31:310. 

Stipa  31:310,  28:190. 

StocK  feeding  by  the  experiment  sta- 
tion 30:255. 

STOCK  FEEDING  EXPERIMENTS 
AT  LANDER  30. 

fc..OOi.ING  OF  GKAINS  37. 

Strawberries,  cost  and  profit  with  34: 
135. 
culture  of  34:94. 
experiments  at  Sheridan  34:134. 
irrigation  of  34:99. 
varieties  at  Lander  34:120-123. 
varieties  at  Laramie  34:102. 
varieties  at  Sheridan  34:135-136. 
varieties  at  Wheatland  34:151. 

Streptopus  28:182. 
Subsoil,  moisture  In  35:188. 
Subsolllng  for  potatoes  32:7. 
Sueda  28:172. 

SUGAR  BEET  TESTS,  PRESS  5. 

SUGAR  BEETS,  CULTURE  IN  WYO- 
MING 30. 
method  of  cultivation  30:209. 
prices  paid  for  36:199. 
on  alkali  soil  29:251. 
value  of  as  stock  food  30:^60-269. 


Sugar  factory,   location  in  Wjoming 

36:200. 
Sugar  factory,  requirements  for  86: 

200. 
Sugar,  process  of  manufacture  36:19S. 

Summary  temperature  28:213. 

for  1895,  27:21. 

highest  temperature  27:21. 

highest  monthly  range  27: 2L 

lowest  temperature  27:21. 

lowest  monthly  range  27:21. 

other  observations  at  Laramie  27: 
22. 
Sunflower  31:309. 
bwertia  28:152. 
Symphoricarpos  28:118. 
Synthyris  28:163. 

Tanacetum  28:137. 
Taraxacum  31:308,  28:145. 
Tellima  28:107. 

Temperature,    monthly    range    of   at 
Laramie  1895  27:18. 

table  of  27:18. 
letradymla  28:142. 
Thalictrum  28:75. 
i'helesperma  28:134. 
Thelypodlum  28:81,  204. 
Thermopsls  28:92. 
Thlaspl  28:84. 
Tillering,  comparative,  of  wheat,  oata 

and  barley  37:229. 
Tlfmmla  28:201. 
Tissa  28:88. 
lownsendla  28:125. 
Tradescantia  28:184. 
Trees  of  the  state  28:64. 

pruning  of  34:91. 
Trlfollum  28:94. 
Trtglochln  28:186. 
Trlsetum  28:192. 
Trplllus  28:78. 
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Troximon  28:145. 

Turnips,  effect  of  alkali  on  growth  of 

29:288. 
effects  of  alkali  on  germination  of 

20:231. 
Typha  28:186. 
Typhaceae  28:185. 

Umbelliferae  28:116. 
Uromyces  28:203. 
Urtlca  28:177. 
Urticaceae  28:177. 

Vaccinum  28:147. 

Valeriana  28:119. 

Valerianaceae  28:119. 

Velvet  Meal,  analysis  of  33:76,  77,  81. 

\erbena  28:166. 

Verbenaceae  28:165. 

Veronica  28:163. 

Viburnum  28:118. 

Viola  28:99. 

Viola  28:85. 

Violaceae  28:85. 

Vitaceae  28:91. 

Vitis  28:91. 

WEEDS  OF  WYOMING  31. 

Weed  laws  as  nominally  in  force  31: 

315. 
Weed  laws  as  suggested  31 :314. 
Weekly   means   of   soil    temperatures 

Laramie,  1895,  table  27:19. 
Wheat,  absorption  of  water  from  alkali 
solutions  29:235. 
cracked,  analysis  of  33:76,  77,  79. 
effect  of  alkali  on   germination   of 

29:235. 
effect  of  alkali  on  growth  of  29:246. 
effect  of  altitude  on  37:232-233. 
effect  of  irrigation  on  37:235-236. 
Wheatena,  analysis  of  83:76,  77,  78. 


Wheat  Germ  Food,  analysis  of  88:76» 

77.  81. 
Wheatlets,  analysis  of  88:76,  77,  80. 
Wheat  Manna,  analysis  of  88:76,  77, 

78. 
Wheat,  seed  per  acre  87:210. 

sbed  per  acre  at  Laramie  37:217. 

seed  per  acre  at  Sheridan  87:224. 

stooling  of,  at  Lander  87:219,  220. 

stooling  of,  at  Laramie  37:215,  216. 

stooling  of,  at  Sheridan  37:221,  222. 

stooling  of,  at  Sundance  37:225. 

stooling  of,  at  Wheatland  37:226. 

tillering  and  3rields  in  different  lo- 
calities 37:227. 
Wild  buckwheat  31:809. 
Wild  or  prickly  lettuce  81:296,  808. 
Wild  liquorice  31:810. 
Wild  mustard  31:810. 
Wild  oaU  31:809. 
Wild  tomato  31:808. 
Wind,  Laramie,  1895,  27:20. 
Wineberry,  Japanese  34:119. 
Woodsia  28:200. 
Wormwood  sage  31:310. 
Wyethia  28:188. 
WYOMING  SUGAR  BEETS  36. 

Xanthium  81:309. 

Yellow  flax  31:809. 
Yields,    comparative,    of    wheat,  oats 
and  barley  37:230. 
greatest  on  each  of  the  five  experi- 
ment farms  36:175. 
greatest  average  on  each  of  five  ex- 
perimental farms  35:175. 
Yucca  28:182. 

Zizia  28:116. 
Zygadenus  28:184. 
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.    .    .    OF   THE   .    .    . 


AGEICULTURAL  COLLEGE 


OF   THE   . 


UNIVERSITY  OF  WYOMING 


.    .    .    AND   OF   THE    . 


WYOMING 


AGRICUTTURAL  EXPERIMENT  STATION 


FOR  THE  FISCAL  YEAR  ENDING  JUNE  30, 1900. 


Laramie.  Wyoming: 
Chaplin.  Spafford  &  Mathison.  Printers. 

1900. 


Faculty  of  the  College  of  Agriculture. 


ELMER  E.  SMILEY,  D.  D.,  President. 
Professor  of  Political  Science. 

♦BURT  C.  BUFFUM,  M.  S., 

Professor  of  Agriculture  and  Horticulture. 

AVBN  NELSON,  M.  S.,  M.  A., 
Professor  of  Biology. 

HENRY  MERZ,  M.  A., 

Professor  of  German  and  Social  Science. 

EDWIN  E.  SLOSSON,  M.  ^., 
Professor  of  Chemistry. 

WILBtJR  C.  KNIGHT,  M.  A.,  F.  G.  S.  A., 
Professor  of  Geology. 

IRENE  M.  MORSE,  M.  A., 

Professor  of  French  and  History. 

CHARLES  B.  RIDGAWAY.  M.  A., 

Professor  of  Mathematics  and  Physics. 

LOUISE  H.  MOREY,  B.  A., 
Professor  of  English. 

WILLIAM  F.  GILKISON.  B.  S.,  M.  E., 
Professor  of  Drawing  and  Industrials. 


Professor  of  Military  Science  and  Tactics. 

FRANK  H.  H.  ROBERTS,  B.  Ped.,  M.  A., 
Assistant  in  Mathematics. 

CHARLES  H.  FULTON,  M.  E., 
Assistant  in  Geology. 

JUNE  E.  DOWNEY,  M.  A., 

Assistant  in  English  and  Philosophy. 

DANIEL  C.  ROYER.  Q.  T., 

Instructor  in  Bookkeeping. 


•Resigned  to  accent  char  of  agriculture  at  Colorado  Agricultural 
College,  Fort  Collins,  Coliradi.  Prof.  Luther  Foster,  M.  S.  A.,  of  Logan. 
Utah,  elected  to  fill  vacancy. 


TENTH  ANNUAL  REPORT 


OF   THE   . 


Icricnltiiral  Colleiie  of  tlie  nniversity  of  f yomioii. 


I  hereby  submit  the  tenth  annual  report  of  the  College 
of  Agriculture  of  Wyoming,  in  compliance  with  enactment  of 
Congress.  Following  this  report  is  a  paper  written  by  our 
chemist,  Professor  Edwin  E.  Slosson,  and  Mr.  R.  B.  Moudy,  of 
last  year's  senior  class,  on  The  Cement  Plaster  of  Laramie. 
This  will  be  found  an  interesting  monograph  on  a  growing 
home  industry. 

INCEPTION  OF  THE  COLLEGE. 

The  first  president  of  the  university  of  Wyoming,  when 
constructing  the  various  courses  of  the  institution,  in  accord- 
ance with  the  act  of  incorporation,  planned  for  distinct  schools 
of  agriculture  and  mechanic  arts.  These  departments  did  not 
obtain  much  growth  until  1891. 

On  the  loth  of  January  of  that  year  they  were  organized 
into  separate  colleges  by  an  act  of  the  legislature  of  Wyoming, 
which  vested  the  control  of  the  appropriations  from  the  Morrill 
Act  of  Congress  in  the  Board  of  Trustees  of  the  State  univer- 
sity. The  Morrill  Act,  approved  August  30,  1890,  was  intend- 
ed to,  gran#  an  endowment  for  agricultural  and  mechanical 
colleges  in  addition  to  that  obtained  by  a  land  grant  on  July  2^ 
1862. 

PRESENT    MANAGEMENT   AND   COURSE. 

The  Board  of  Trustees,  whose  names  appear  on  a  pre- 
ceding page,  has  not  changed  since  the  last  report. 


8  Wyommg  AffricuUwral  ChBege. 

The  Biological  Laboratory  is  provided  with  sinks,  gas 
water,  excellent  compound  and  dissecting  microscopes,  micro- 
tomes, turntables,  waterbaths,  charts,  niodtls,  photographic  ap- 
paratus, and  the  necessary  appliances  for  bacteriological  work. 

The  Machine  Shops  are  run  as  nearly  as  possible  to  cor- 
respond with  actual  manufacturing  establishments.  In  the 
wood  room  each  student  has  his  own  chest  of  tools  for  bench 
work  and  has  the  use  of  turning  lathes,  pattern  maker's  trim- 
mer, mortising  machine,  pony  planer,  short  jointer,  boring  ma- 
chine, band  saw,  scroll  saw,  variety  wood  worker,  and  circular 
saw  with  two  cross  cut  and  two  rip  saws.  The  iron  room  is 
provided  with  a  24  inch  x  24  inch  x  6  foot  planer,  a  25  inch  back 
geared  power  feed  drill  press,  a  universal  milling  machine,  a 
14  inch  x  6  foot  engine  lathe,  a  16  inch  x  6  foot  engine  lathe,  a 
power  back  saw,  a  twist  drill  grinder,  a  power  pipe-threadmg 
machine,  a  14  inch  sensitive  drill,  and  an  emery  grinder  with 
two  14  inch  wheels.  The  foundn.^  contains  a  Whiting  cupola, 
32  inch  outside  diameter  lined  down  to  a  23  inch,  which  has  a 
capacity  of  melting  from  1,000  to  2,000  pounds  of  iron  an  hour. 
It  is  also  provided  with  six  50  pound  ladles,  one  200  pound 
ladle,  core  oven,  flasks,  riddles,  bellows,  and  all  tools  necessary 
to  operate  a  first-class  foundry.  There  are  also  complete  sets 
of  piping  tools  for  steam  fitting,  and  a  forge  for  sharpening  and 
tempering.  Advanced  classes  have  the  use  of  an  American 
Thompson  Indicator  and  Amdt's  Econometer  with  which  to 
take  indicator  cards  and  test  the  efficiency  of  boilers. 

MUSEUM. 

A  good  start  has  been  made  on  an  Agricultural  Museimi : 
but  until  we  have  more  room  little  further  can  be  done  in  this 
direction.  The  cases  are  large  and  built  of  substantial  oak. 
They  contain  a  collection  of  specimens  of  the  cultivated  crops 
and  wild  grasses  of  Wyoming.  With  the  collection  of  crops  are 
the  seeds  of  each  in  neat  exhibit  bottles.    The  exhibit  also  in- 
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eludes  some  rare  seeds  from  Africa,  Japan,  and  other  foreign 
countries.  The  cereals  and  forage  crops  raised  on  the  Laramie 
experiment  farm  occupy  one  case.  They  are  arranged  in  an 
artistic  manner  and  contain  heads  of  grain  that  for  size  and  per- 
fection of  shape  are  rarely  surpassed.  The  exhibition  of  wild 
grasses  consists  of  a  portion  of  those  sent  to  the  World's  Fair 
in  1893,  which  received  the  award  of  a  medal  and  diploma. 
The  fruits  of  our  state  are  not  as  yet  represented,  but  some 
work  has  been  done  in  reproducing  the  fruit  in  wax,  thus  mak- 
ing it  possible  to  keep  them  on  exhibition  in  permanent  form. 

The  collection  contained  in  this  museum  is  instructive  to 
the  student  and  gives  the  stranger  a  good  idea  of  what  Wyo- 
ming is  capable  of  in  agriculture. 

ROCKY   MOUNTAIN   HERBARIUM. 

We  have  by  all  odds  the  largest  and  most  representative 
collection  of  Rocky  mountain  plants  to  be  found  anywhere.  On 
this  account  we  have  seen  fit  to  give  the  name  of  Rocky  Moun- 
tain Herbarium  to  our  collection. 

The  Herbarium  now  contains  about  22,000  specimens.  It 
is  a  fair  working  collection  of  the  plants  of  the  Western  United 
States,  being  rich  in  those  of  the  Rocky  Mountains,  and  es- 
pecially of  Wyoming.  A  steady  growth  is  maintained,  collec- 
tions of  much  value  being  added  each  year.  It  represents  the 
flora  of  Wyoming  so  far  as  known  and  is  becoming  of  more 
and  more  interest  to  students  who  desire  to  make  a  special 
study  of  the  plants  of  this  range,  especially  so  since  it  contains 
the  types  of  many  new  species  recently  described.  The  Her- 
barium is  open  to  University  students  and  others  whose  previ- 
ous training  is  such  as  to  enable  them  to  profit  by  its  use. 

NEW  BUILDING. 

A  new  building,  which  will  be  known  as  the  Hall  of  Sci- 
ence, is  now  in  course  of  erection.  Only  the  central  or  main 
part  will  be  erected  at  present ;    for  the  building  has  been  so 
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a  thorough  grounding  in  the  fundamental  facts,  the  student  is 
expected  to  observe  the  social  phenomena  about  him  and  to 
study  the  various  problems  in  an  independent  manner.  Inas- 
much as  sociology  is  a  science  of  recent  birth,  and  its  theories 
are  constantly  expanding,  much  of  the  class-work  consists  of 
lectures  and  theses.    The  following  subjects  are  offered  : 

I.  Principles  of  Sociology.  Small  and  Vincent ;  Gid- 
dings;  Kidd*s  Social  Evolution.  Lectures;  theses:  debates. 
[Elective  for  agricultural  seniors.] 

II.  Social  Problems.  Study  of  crime,  suicide,  insanity^ 
pauperism,  charities,  intemperance,  socialism,  education,  etc. 
Discussions;  theses.  [Elective  for  agricultural  seniors  who 
have  taken  I  and  Philosophy  IV.] 

III.  Social  Philosophy.  Lectures  on  social  theories,  old 
and  new,  and  on  the  aims  of  society.  Discussions;  theses. 
[Elective  for  agricultural  seniors  who  have  taken  I  and  II.] 

PHILOSOPHY. 

The  work  of  this  department  is  intended  to  furnish  an  ac- 
quaintance with  philosophic  thought,  to  afford  a  training  in: 
the  methods  of  investigating  philosophic  phenomena,  and  ta 
imbue  the  student  with  the  latest  methods  of  education.  Spe- 
cial attention  is  given  to  physiological  psycholog}^  The  work 
in  this  subject  is  illustrated  by  charts  and  models  of  the  brain 
and  sense  organs  and  by  the  introduction  of  various  experi- 
ments. In  teaching  logic  more  time  than  formerly  is  given  to 
inductive  reasoning,  as  a  perfect  knowledge  of  this  form  is 
especially  helpful  to  scientific  students  and  to  those  intending 
to  do  research  work  in  philosophy. 

I.  Psychology,  Introductory.  James's  Briefer  Psychol- 
ogy, or  Titchener's  Outlines  of  Psycholog^^  Collateral  read- 
ings. The  purpose  of  this  course  is  to  give  the  student  insight 
into  the  principal  psychological  conceptions  and  methoils,  and 
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practice  in  simple  psychological  experimentation.     [Required 
of  agricultural  juniors.] 

II.  Psychology,  Advanced.  Investigation  of  special  top' 
ics.  Reading,  observation,  experiment.  [Elective  for  those 
students  who  have  taken  I ;  winter  term ;  five  times  a  week.] 

III.  Logic,  Jevons-Hiirs  Elements  of  Logic  as  text,  with 
Fowler,  Bain,  Sidgwick,  and  others  for  reference.  Treatment 
of  the  proposition,  immediate  and  mediate  inference,  the  hy- 
pothesis, arguments,  and  fallacies.  Special  attention  to  the 
principles  and  methods  of  induction.  [Elective  -for  agricultu- 
ral seniors.] 

IV.  Ethics.  Markenzie's  Manual  of  Ethics,  or  Muir- 
head's  Elements  of  Ethics.  Lectures  and  discussions,  with 
readings  from  Plato,  Aristotle,  Kant,  Mill.  Spencer,  and  oth- 
ers. A  critical  examination  of  different  ethical  theories,  chiefly, 
Hedonism,  ancient  and  modern ;  Rigorism ;  and  Evolutionary 
Utilitarianism.  [Elective  for  juniors  and  seniors;  spring 
term ;  five  times  a  week.] 

BIOLOGY. 

The  department  of  biology  as  at  present  organized  includes 
botany,  zoology  and  physiology. 

Even  in  the  introductory  courses  laboratory  work  is  made 
a  prominent  feature  in  order  that  from  the  first  students  may 
become  self-reliant. 

The  equipment  of  the  department  has  been  adequate  to  the 
demands  made  upon  it,  and  as  new  necessities  arise  in  connec- 
tion with  the  several  courses,  they  will  be  supplied  as  far  as  pos- 
sible from  the  resources  at  command. 

One  of  the  two  rooms  of  the  department  is  a  convenient 
lecture  room  having,  among  its  other  equipments,  a  lantern  with 
microscope  attachment.  This  enables  the  instructor  to  illustrate 
on  the  screen  by  both  lantern  and  microscope  slides  the  subject 
under  discussion. 
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Johnson's  How  Plants  Grow,  and  How  Plants  Feed.  A  brief 
outline  of  the  history  of  agriculture,  followed  by  a  thorough 
course  in  the  principles  of  plant  culitvation  and  growth.  [Re- 
quired of  agricultural  sophomores.] 

II.  Soils,  Tillage,  and  Fertilizers.  Taught  by  lectures  and 
reference  books,  such  as  King's  The  Soil,  and  Storer's  Agricul- 
ture.    [Required  of  agricultural  sophomores.] 

III.  Farm  Crops.  Lectures.  Planting,  irrigating,  har- 
vesting, and  marketing;  laying  out  and  improving  farms; 
farm  management  and  farm  accounts.  The  students'  practice 
will  include  setting  up  and  running  farm  machinery,  planting 
and  irrigating  crops  properly.  [Required  of  agricultural  soph- 
omores.] 

IV.  V.  Breeds  of  Live  Stock.  Curtiss's  Breeds  of  Live 
Stock,  Warfield's  Cattle  Breeding,  and  Miles'  Stock  Breeding, 
supplemented  by  lectures  and  practice  in  judging  by  scale  of 
points.     [Required  of  agricultural  juniors.] 

VI.  Stock  Feeding  and  Dairy  Management.  Armsby's 
Cattle  Feeding,  Henry's  Cattle  Feeding,  and  lectures.  [Re- 
quired of  agricultural  juniors.] 

HORTICULTURE. 

The  instruction  in  this  department  aims  to  give  the  stu- 
dent a  good  general  foundation  in  the  science  of  gardening, 
plant  cultivvation,  fruit  raising,  landscape  and  ornamental  gar- 
dening. During  the  spring  term  of  one  year,  two  hours  of  labo- 
ratory work  each  week  in  the  multiplication  of  plants,  grafting, 
budding,  and  making  cuttings,  are  required.  The  following 
subjects  are  offered : 

I.  Plant  Forcing.  Study  of  green-houses  and  hot-beds, 
and  of  the  cultivation  and  propagation  of  vegetables  and  small 
fruits.     Lectures.     [Required  of  agricultural  juniors.] 

II.  Pomology.  Pruoioi^  grafeng,  budding,  cuttings,  and 
orcharding.     Lectores.     [Required  of  agricultural  juniors.] 
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III.  Landscape  and  Ornamental  Gardening.  Lectures. 
[Elective  for  agricultural  seniors.] 

IV.  Thesis  Work,  Pollination,  cross  fertilization,  varia- 
tion, or  other  advanced  subject.  [Elective  for  agricultural  se- 
niors. ] 

ENTOMOLOGY. 

This  department  aims  to  g^ve  the  student  an  insight  into 
insect  life,  and  to  afford  some  knowledge  of  economic  ento- 
mology through  the  study  of  injurious  insects  and  the  means 
for  their  extermination.    The  following  subjects  are  required: 

I.  Elementary.  Packard's  Entomology,  with  Comstock 
for  reference.    Lectures.     [Required  of  agricultural  juniors.] 

II.  Economic  Entomology.  Smith's  Economic  Entomol- 
og\',  supplemented  by  lectures.  [Required  of  agricultural  ju- 
niors.] 

IRRRIQATION. 

The  object  of  this  department  is  to  give  a  general  idea  of 
the  principles  of  irrigation  practice  and  water  measurement. 

I.  Principles.  Effects  of  water  on  soil  and  crops,  and 
measurement  of  water.  Wilson's  Irrigation  Engineering.  Lec- 
tures, reference  reading,  and  practical  work.  [Required  of  ag- 
ricultural juniors.] 

CHEMISTRY. 

The  work  of  all  courses  in  the  department  of  chemistry 
is  experimental  and  inductive  so  far  as  consistent  with  the  ac- 
quirement of  the  necessary  amount  of  general  information.  Stu- 
dents are  from  the  first  encouraged  to  work  independently  on 
lines  of  investigation  in  which  they  are  specially  interested. 

The  department  of  chemistry  occupies  four  rooms  in  the 
south  end  of  the  Hall  of  Language.  One  room  contains  the 
analytical  balances  and  the  chemical  reference  library,  the  sec- 
ond is  devoted  to  the  experimental  work  of  the  Wyoming  Agri- 
(2)- 
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cultural  Experiment  Station,  the  third  is  a  lecture  room,  and  th 
fourth  and  largest  room  is  fitted  up  for  the  classes  in  qualitative 
and  quantitative  analysis.    The  department  is  well  equipped  for 
research  and  analytical  work  in  organic  and  inorganic  chemis- 
try.   The  following  subjects  are  offered : 

I,  II.  Elementary.  Storer  and  Lindsay.  The  aim  of  this 
course  is  to  give  students  a  knowledge  of  the  laws  of  chemical 
change,  a  practical  familiarity  with  the  principal  elements  and 
compounds,  and  skill  in  manipulation  of  apparatus,  .  [Required 
of  agricultural  and  mechanical  sophomores.] 

III.  Qualitative  Analysis.  Caldwell's  Qualitative  Analy- 
sis. Students  acquire  the  ability  to  detect  the  ordinary  acids 
and  bases  in  any  substance.  [Required  of  agricultural  and  me- 
chanical sophomores.] 

IV.  Quantitative  Analysis.  Caldwell  and  Fresenius. 
Twenty  simple  gravimetric  and  volumetric  determinations. 
[Elective  for  students  who  have  taken  III.] 

VI.  Inorganic  Preparations.  Erdmann's  Anleitung  zur 
Darstellung  chemischer  Praparate.  Preparation  of  a  number 
of  difficult  compounds  and  elements.  [Open  to  students  who 
have  taken  III ;  spring  term ;  laboratory  work  ten  hours  a 
week.] 

VII.  Organic  Chemistry.  Remsen's  Organic  Chemistry. 
Lectures  and  recitations  on  the  compounds  of  carbon.  [Re- 
quired of  agricultural  juniors ;  fall  term ;  five  times  a  week.] 

VIII.  Organic  Preparations.  Gatterman;  Practical 
Methods  in  Organic  Chemistry.  [Open  to  students  who  have 
taken  VII ;   winter  term ;   laboratory  work  ten  hours  a  week.] 

XI.  Agricultural  Chemistry.  The  chemistry  of  plant 
growth,  and  the  application  of  chemical  principles  to  practical 
agriculture,  with  special  reference  to  the  problems  of  the  arid 
region.  [Required  of  agricultural  juniors;  winter  term  :  lec- 
tures three  hours  and  laboratory  work  four  hours  a  week.] 
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XII.  Applied  Chemistry.  Lectures  on  chemical  process- 
es and  manufactures  not  included  in  metallurgy,  and  on  meth- 
ods of  analysis  and  control.    Most  attention  is  paid  to  subjects 

« 

of  practical  importance  in  Wyoming;  such  as  petroleum  and 
its  products ;  coal,  gas,  and  coke ;  building  stone  and  cements ; 
alkalies  and  acids;  beet  sugar;  glass;  air  and  water  supply* 
[Required  of  mechanical  juniors.] 

GEOLOGY. 

Most  of  the  instruction  in  this  department  is  given  by  lec- 
tures, but  text-books  are  used  for  reference,  together  with  the 
latest  geojogical  reports. 

The  location  of  the  Agricuhur^l  College  is  exceptionally 
advantageous  for  the  study  of  geology.  Oi^ly  a  few  miles  ^st,. 
the  Laramie  mountains  rise  nearly  2,000  feet  above  the  campus^ 
while  to  the  westward  the  Medicine  Bow  mountains  rise  5,000 
feet.  Both  of  ..these  mountam  ranges  are  mineralized,  aUjd  min- 
ing has  been  carried  on  for  many  years.  T^iey  furnish  rich 
fields  for  the  student  of  structural  and  dynamical  geology,  as 
well  a§,.for  those  who  wish  to  study  almost  new  Archaean  ex- 
posures. Flanking  these  ranges  are  Paleozoic,  Mesozoic.  and 
Cenozoic  rocks  that  have  been  exposed  by  the  mountain  making 
and  subsequent  erosion,  so  that  a  student  may  easily  make  him- 
self familiar  with  the  entire  series  of  Rocky  Mountain  sedi- 
mentary rocks.  The  working  collections  of  rocks  and  fossils 
in  the  department  are  not  large,  but  are  well  selected  and  are 
increasing  in  size  very  rapidly.  The  collection  of  Mesozoic  in- 
vertebrates is  very  complete  and  the  collection  of  Jurassic  verte- 
brates is  the  second  in  size  in  the  United  States.  To  those  who 
wish  to  study  economic  geology  special  inducements  can  be 
offered,  since  ores  of  economic  value  are  numerous,  and  are 
only  a  short  distance  away  from  the  university.  The  plains  are 
also  well  supplied  with  mines  of  coal  and  deposits  of  clay,  gyp- 
sum and  building  stones. 
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The  following  list  of  books  is  used  for  reference  and  text 
work  in  this  department :  Le  Conte,  Dana,  Geikie^  Kayser- 
Lake,  Ivapparent,  Tarr,  Zittel,  and  Nicholson  and  Lydekker. 
The  following  subjects  are  offered : 

I.  Dynamical  and  Structural.  Geological  forces,  condi- 
tions in  which  stratified  rocks  are  found,  and  general  topogra- 
phy. Lectures;  Le  Conte  and  Dana  as  texts.  [Required  of 
agricultural  juniors.] 

II.  Mineralogicai  Elementary  study  of  minera^o^y,  in 
which  a  student  is  required  to  determine  fifty  species  of  common 
minerals  with  the  blow-pipe.  Lectures ;  Crosby  and  Brush  as 
texts.     [Required  of  agricultural  juniors.] 

III.  Historical.  Studv  of  fossilized  life  associated  with 
stratified  rocks,  and  methods  of  determining  formations  from 
associated  fossil  life.  Lectures ;  Le  Conte  and  Dana  as  texts. 
[Required  of  agricultural  juniors.] 

IV.  Economic.  Studv  of  the  minerals  of  economic  im- 
portance  and  methods  of  preparing  them  for  the  market.  Lec- 
tures ;  Kemp  and  Tarr  as  texts.  [Elective  for  agricultural  se- 
niors. 1 

y.  Paleontological.  Elementary  course  in  paleontology. 
Lectures :  Nicholson  and  Lydekker  as  text.  [Elective  for  agri- 
cultural seniors.] 

VI.  Advanced.  Course  arranged  to  suit  the  needs  of  stu- 
dents. One  week  in  the  field.  [Elective  for  agricultural  se- 
niors. ] 

HISTORY. 

The  purpose  of  the  department  of  history  is  to  create  a 
taste  for  historical  reading  and  g^ve  the  ability  to  comprehend 
rightly  the  events  of  the  times  by  applying  the  experience  of 
the  past  to  the  conditions  and  problems  of  today.  The  aim  is 
not  the  accumulation  of  a  mass  of  facts  and  dates,  but  the  ac- 
quisition of  a  right  comprehension  of  great  historical  events. 


Tenth  Annual  Report.  1900.  21 

Text-books  are  used,  especially  in  the  preparatory  classes ; 
but  the  study  of  the  assigned  lessons  is  supplemented  by  read- 
ing different  authorities  on  the  same  subject  and  by  lectures. 
The  historical  library  has  been  greatly  enlarged  during  the 
past  year  and  is  at  the  disposal  of  the  students  in  this  depart- 
ment :    The  following  courses  are  offered : 

I.  England,  Montgomery's  English  History.  [Required 
of  preparatory  students.] 

II,  III.  Mediaeval  and  Modern.  Myer's  Mediaeval  and 
Modem  History.    [Required  of  preparatory  students.] 

IV.  Greece.  Myers'  History  of  Greece ;  Guerber's  My- 
thology.   [Elective  foi;  agricultural  seniors.] 

V,  VI,  VII.  Middle  Ages.  Thatcher  and  Schwill.  Lec^ 
tures  and  supplementary  reading.  [Elective  for  agricultural 
seniors.] 

ENGLISH. 

The  aim  of  the  preparatory  work  in  this  department  is  to 
teach  the  students  to  understand  and  use  the  English  language 
correctly  and  to  cultivate  in  them  a  taste  for  the  best  literature. 
A  thorough  mastery  of  English  grammar  is  required  before  en- 
trance to  the  Preparatory  Year. 

The  student's  work  in  literature  is  made  to  furnish  the 
occasion  as  well  as  the  material  for  the  preparation  of  essays. 
These  essays  are  subject  to  criticism  both  in  the  class  and  with 
the  individual  writers. 

The  formal  study  of  rhetoric  is  designed  to  ground  the 
student  in  the  principles  of  English  composition  and  to  cultivate 
his  literary  sense  by  analytical  study. 

The  work  in  oratory  is  of  a  practical  character.  An  effort 
is  made  to  secure  reading  that  shall  be  intelligent,  natural  and 
forcible,  and  to  develop  spontaneous  expression  from  the  men- 
tal side.  The  student  meets  the  instructor  personally  for  re- 
hearsal and  criticism. 
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IX.  Trigonometry,  Wells'  New  Trigonometry.  The  de- 
velopment of  the  general  formulae  and  their  application  to  the 
solution  of  triangles,  polygons,  and  original  field  problems. 
[Required  of  agricultural  juniors  and  mechanical  sophomores.] 

X.  Analytical  Geometry.  Wentworth's  Analytical  Geom- 
etry. The  analjlical  geometry  of  the  straight  line,  circle,  and 
conic  sections;  including  a  general  discussion  of  the  general 
equation  of  the  second  degree,  and  an  introduction  to  the  ge- 
ometry of  three  dimensions.  [Required  of  mechanical  juniors, 
elective  for  agricultural  seniors.] 

XI.  XII.  Calculus.  Osborne's  Calculus.  Diflferentiation 
of  functions,  successive  differentiation,  indeterminate  forms, 
development  of  functions  in  series,  maxima  and  minima,  func- 
tions of  two  or  more  variables,  tangents,  normals,  asymptotes, 
direction  of  curvature,  singular  points,  curve  tracing,  evolutes, 
envelopes,  and  order  of  contact.  Integration,  application  to 
geometry  and  mechanics,  successive  integration,  integration  of 
rational  fractions,  integration  by  rationalization,  by  parts  and 
by  series,  lengths  and  areas  of  plane  curves,  areas  of  surfaces  of 
revolution,  and  volumes  of  solids.  [Required  of  mechanical 
juniors;  elective  for  agricultural  seniors.]  , 

I 

PHYSICS.  j 

I 

The  aims  of  this  department  are  to  cultivate  in  the  student 
habits  of  thoughtful  observation,  intelligent  and  rapid  manipu- 
lation, and  to  give  him  a  general  knowledge  of  natural  phe- 
nomena. In  all  courses  the  subjects  are  studied  from  the  ex- 
perimental side,  the  student  spending  at  least  one-half  of  the 
time  allotted  to  the  work  in  the  laboratory  under  the  direct  su- 
pervision of  the  professor  in  charge. 

The  following  subjects  are  offered : 

I,  II,  III.  Elementary.  Carhart  and  Chute's  Elements  of 
Physics :   Allen's  Laboratory  Physics.    The  properties  of  mat- 
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ter;  mechanics  of  solids  and  liquids.  Heat,  sound,  and  light. 
Magnetism  and  electricity.     [Required  of  freshmen.] 

IV,  V,  VI.  General.  Barker's  Physics.  Outlined  ex- 
periments with  reference  to  laboratory  manuals.  Physical 
quantities,  kinematics,  dynamics,  work  and  energy,  attraction 
and  potential,  and  properties  of  matter.  Energy  of  mass  vi- 
bration, molecular  kinetic  energy,  radiant  energy.  Energy  of 
aether-stress,  energy  of  aether-vortices,  energy  of  aether-flow, 
and  the  electromagnetic  character  of  radiation.  [Required  of 
mechanical  juniors  and  elective  for  agricultural  seniors.] 

VII.  Electric  Measurements.  Measurements  of  resist- 
ances, calibration  of  amperemeters  and  voltmeters,  calculation 
of  the  electromotive  force  of  batteries  and  dynamos,  magnetic 
determinations,  heating  effect  of  currents,  etc.  [Elective  for 
agricultural  seniors.] 

MECHANICS. 

The  aim  of  the  instruction  in  this  department  is  to  give 
the  student  a  thorough  insight  into  the  general  principles  gov- 
erning prime  movers  and  mechanical  movements,  and  acquaint- 
ance with  the  methods  in  which  these  principles  may  be  applied 
and  combined  in  order  to  produce  the  desired  effect  in  all 
branches  of  engineering.  Instruction  is  also  given  in  subjects 
which  are  rather  more  technical  than  theoretical,  and  the  appli- 
cation of  theory  to  practice  is  never  lost  sight  of.  The  work  is 
fully  illustrated  by  frequent -reference  to  the  engineering  and 
mechanical  equipment  of  the  university  and  other  available 
sources. 

The  following  subjects  are  required  of  mechanical  stu- 
dents: 

I,  II.  Founding.  Lectures  on  core  making,  loam,  dry  and 
green  sand  molding ;  cast  iron :  flasks,  facing,  finishing,  etc. : 
also  on  preparing,  charging,  tapping  out,  and  stopping  up  the 
cupola.    [Required  of  mechanical  freshmen.] 
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X.  Parts  of  Machines.  Designing  gears,  cams,  and  parts 
of  machines  which  apply  to  the  study  of  Mechanics  II.  [Re- 
quired of  mechanical  juniors.] 

XL  Blue  Prints.  Tracing  and  making  drawings  to  be 
used  in  the  shops.    [Required  of  mechanical  juniors.] 

XII.  Machine  Designing.  Designing  a  boiler  or  some 
simple  machines ;  the  design  to  be  as  original  as  possible.  [Re- 
quired of  mechanical  seftiors.] 

XIII.  Steam  Engine  Drawing.  This  subject  is  to  accom- 
pany the  work  in  Mechanics  V  and  VI.  [Required  of  mechan- 
ical seniors.] 

INDUSTRIALS. 

This  department  is  intended  to  simplify  mechanical  en- 
gineering by  teaching  practical  work  in  connection  with  the 
theory.  It  aims  also  to  present  the  practical  side  of  production 
by  running  the  machine  shops  as  nearly  as  possible  on  the  prin- 
ciple of  actual  manufacturing  establishments. 

I,  II.  Wood  Working.  Lectures  on  the  care  and  manage- 
ment of  carpenters'  tools ;  exercises  in  lining,  planing,  sawing, 
notching,  splicing  mortising,  and  tenoning.  Bench  work  in 
wood;  exercises  in  dovetailing,  framing,  paneling,  and  special 
work  for  the  department.  [Required  of  agricultural  and  me- 
chanical preparatory  students.] 

III.  Wood  Turning.  Exercises  in  straight  and  curved 
turning,  compound  curves,  etc.  [Required  of  agricultural  and 
mechanical  preparatory  students.] 

IV.  Pattern  Making.  A  large  variety  of  patterns,  in- 
cluding parts  of  machines,  are  made  for  use  in  the  foundry. 
[Required  of  mechanical  freshmen.] 

V.  VI.  Foundry  Practice.  Exercises  in  moulding,  pour- 
ing, charging,  and  managing  the  cupola.  The  castings  ob- 
tained are  used  by  the  students  in  the  machine  room.  [Re- 
quired of  mechanical  freshmen.] 
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VII.  Iron  Work.  Exercises  in  filing  and  chipping,  and 
the  use  of  the  drill  press.  [Required  of  mechanical  sopho- 
mores.] 

VIII.  Iron  Planing.  Exercises  and  special  work.  [Re- 
quired of  mechanical  sophomores.] 

IX.  The  Engine  Lathe,  An  elementary  course ;  tapering, 
screw  cuting,  etc.    [Required  of  mechanical  sophomores.] 

X.  The  Engine  Lathe,  Advanced,  Special  work ;  turning 
up  parts  of  machines,  and  work  for  the  department.  [Required 
of  mechanical  jufiiors.] 

XI.  Milling,  Exercises  in  milling,  sawing,  gear  cutting, 
spiral  cutting,  and  work  on  parts  of  machines.  [Required  of 
mechanical  juniors.] 

XII.  Engineering  Laboratory.  Testing  the  efficiency  of 
boilers,  and  inspection  visits.    [Required  of  mechanical  juniors.] 

XIII.  Engineering  Laboratory.  Testing  steam  engines, 
learning  the  principles  and  operation  of  the  steam  engine  indi- 
cator and  rigging;  inspection  visits.  [Required  of  mechanical 
seniors.] 

XIV.  Shop  Engineering.    General  work  in  shop  manage- 
ment, lining  shaftings,  and  setting  machines ;  inspection  visits 
[Required  of  mechanical  seniors.] 

XV.  Experimental  Laboratory.  A  thesis  is  produced  in 
connection  with  experimental  work.  [Required  of  mechanical 
seniors.] 

Special  subjects  of  experiment  are  arranged  for  those  who 
have  taken  the  baccalaureate  of  science  in  mechanics  and  wish 
to  take  graduate  work. 

MILITARY  SCIENCE  AND  TACTICS. 

The  department  of  Military  Science  and  Tactics  is  estab- 
lished in  accordance  with  the  requirements  of  an  Act  of  Con- 
gress donating  public  lands  to  colleges,  one  of  the  conditions 
being  that  military  tactics  shall  be  taught.    It  is  under  the  con- 
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trol  of  the  officer  of  the  regular  army,  detailed  by  the  War  De- 
partment for  its  duty,  without  any  expense  to  the  State,  under 
the  provisions  of  Section  1225,  Revised  Statutes  of  the  United 
States.  One  hundred  and  fifty  Springfield  rifles  (cadet  pat- 
tern ;  similar  to  those  used  at  West  Point)  and  equipments, 
and  cannon  and  sabres  for  artillery  and  cavaJry  practice,  are 
loaned  to  the  college  by  the  U.  S.  Ordnance  Department.  An 
allowance  of  ammunition  is  annually  supplied  by  the  general 
government  for  purposes  of  target  practice.  All  students  are 
required  to  drill  throughout  the  year.  The  cadet  officers  are 
appointed  by  the  commandant  of  cadets,  subject  to  the  approval 
of  the  president.  The  commissioned  officers  are  usually  select- 
ed from  the  senior  class,  the  sergeants  from  the  junior  class 
and  the  corporals  from  the  sophomore  class,  general  merit  and 
military  efficiency  being  the  qualifications  considered. 

Besides  obtaining  the  excellent  physical  results  which  fol- 
low systematic  and  regular  military  training,  the  morale  of 
the  students  will  be  thus  improved.    The  virtues  of  patriotism, 
^jonor,  and  truthfulness  are  cultivated,  and  habits  of  neatness 
promptness  and  obedience  are  insisted  upon. 

The  rules  prescribed  by  the  President  of  the  United  States 
for  the  government  of  officers  of  the  army  detailed  as  Profess- 
ors of  Military  Science  and  Tactics  require  the  following  course 
of  instruction : 

1.  The  course  of  instruction  shall  be  both  practical  and 
theoretical,  and  shall  be  so  arranged  as  to  occupy  at  least  one 
hour  per  week  for  theoretical  instruction,  and  at  least  two  hours 
per  week  for  practical  instruction. 

2.  The  practical  course  in  infantry  shall  embrace  small - 
arm  target  practice,  and,  as  far  as  possible,  all  the  movements 
prescribed  by  the  drill  regulations  of  the  United  States  army 
applicable  to  a  battalion.  Instruction  in  artillery  shall  embrace, 
as  far  as  practicable,  such  portions  of  the  United  States  drill 
regulations  as  pertain  to  the  formation  of  detachments,  manual 
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of  the  piece,  mechanical  maneuvers,  aiming  drill,  saber  exercise^ 
and  target  practice.  Instruction  should  also  include  the  duty 
of  sentinels,  and  where  practicable,  castrametation.  Such  in- 
struction shall  be  g^ven  by  the  Professor  of  Military  Science 
and  Tactics  personally,  or  under  hi«  immediate  supervision. 

3.  Theoretical  instruction  shall  be  by  recitations  and  lec- 
tures personally  conducted  and  given  by  the  Professor  of  Mili- 
tary Science  and  .Tactics,  and  shall  include,  as  far  as  practica- 
ble, a  systematic  and  progressive  course  in  the  following  sub- 
jects :  The  drill  regulations  of  the  United  States  army,  the  prep- 
aration of  the  usual  reports  and  retimis  pertaining  to  a  com- 
pany, the  organization,  and  administration  of  the  United  States 
army,  and  the  elementary  principles  governing  in  the  art  of 
war. 

The  military  department  shall  be  subject  to  inspection 
under  the  authority  of  the  President  of  the  United  States ;  such 
inspection  shall  be  made,  when  practicable,  near  the  close  of 
the  college  year.  The  inspecting  officer  shall,  upon  his  arrival 
at  the  institution,  report  to  the  President  or  other  administra- 
tive officer  in  order  to  obtain  from  him  the  necessarv  facilities 
for  the  performance  of  his  duty.  A  copy  of  the  report  of  in- 
spection will  be  furnished  the  President  of  the  institution  by 
the  War  Department. 

Military  drill  has  become  a  feature  of  all  the  courses  in  the 
University,  and  it  is  required  that  all  students  appear  at  the 
drill  in  uniform.  Students  are  advised  to  come  to  the  college 
without  specially  providing  themselves  with  new  clothes  and 
to  arrange  to  wear  the  cadet  uniform  habitually  while  at  col- 
lege. 

The  cost  of  the  uniform  is  about  $14.50.  The  grade  of 
suiting,  including  the  cap,  wears  well  and  proves  to  be  eco- 
nomical. 

All  male  students  are  expected  to  provide  themselves  with 
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uniforms.    It  consists  of  a  blouse,  trousers,  and  cap,  modeled 
after  the  West  Point  uniform,  with  raised  gilt  buttons. 

COURSE  IN  MILITARY  SCIENCE. 

Practical, — Cadets  are  divided  into  two  classes,  First  Year 
and  Subsequent  Year  Cadets. 

For  all  cadets :  Practical  instruction  comprises  the  schools 
of  the  soldier,  squad,  and  company  in  normal  and  ex- 
tended order  (Infantry  Drill  Regulations),  guard 
mounting  and  guard  duty,  gallery  and  range  target 
practice. 

For  Subsequent  Year  Cadets:  In  addition  to  the  above 
comprises  artillery  drill,  saber  exercise,  and  military 
signaling  with  flag  and  heliograph. 

TheoreticaL — Cadets  are  divided  into  four  classes.  The 
winter  term  is  especially  devoted  to  this  instruction, 
which  includes  the  following : 

First  Year  Cadets :  Infantry  Drill  Regulations,  including 
the  schools  of  the  soldier,  squad,  and  company,  in  nor- 
mal and  extended  order. 

Second  Year  Cadets :  School  of  the  battalion  and  ceremo 
nies  (Infantry  Drill  Regulations),  and  U.  S.  Manual 
of  Guard  Duty. 

Freshman  Class :    "Elements  of  Military  Science,"  Pettit. 

Sophomore  Class :    U.  S.  Army  Regulations,  muster  roll 
and  returns,  etc.,  Military  Law,  and  State  Laws  Relat- 
ing to  the  National  Guard. 

The  corps  of  cadets  has  this  year  been  divided  into  two 
companies,  with  the  commandant  acting  as  major.  The  num- 
ber of  young  men  in  the  drill  has  been  seventy-seven. 
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THE  LIBRARY. 

The  library,  which  is  also  the  general  reading  room  of  the 
University,  is  situated  on  the  second  floor,  in  the  north  wing  of 
the  main  building.  This  is  a  large  well-lighted  and  ventilated 
apartment.  The  college  students  use  this  room  during  vacant 
hours  from  8 130  a.  m.  to  12  m.,  and  from  i  to  3  :i$  p.  m. 

The  students  at  stated  hours  during  six  days  of  the  week, 
have  access  to  the  books  and  periodicals.  Three  volumes  may 
be  taken  by  any  one  individual  and  kept  from  the  shelves  for  a 
period  of  two  weeks.  Books  reserved  at  the  instance  of  profes- 
sors as  collateral  reading  for  their  courses  are  shelved  in  their 
respective  rooms,  and  can  be  taken  out  only  on  application  to 
such  professors,  who  are  respansible  for  them  during  the  period 
of  their  reservation. 

The  library  contains  9,302  bound  volumes,  and  in  addition 
several  thousand  unbound  bulletins  and  reports  on  agricultural 
and  scientific  subjects. 

There  have  been  added  to  the  University  library  during 
the  year  1899-1900,  2,400  bound  volumes  and  1,000  pamphlets, 
including  Experiment  Station  bulletins  and  publications  from 
the  Department  of  Agriculture  at  Washington,  D.  C. 

The  Board  of  Trustees  of  the  University,  at  its  annual 
meeting  in  May,  1900,  made  an  appropriation  of  $5,000  for  ref- 
erence books  for  the  library.  The  scientific  books  as  pur- 
chased, after  being  catalogued,  are  placed  in  the  reference  li- 
braries in  the  respective  laboratories  in  the  University,  the 
books  for  more  general  use  being  placed  in  the  library  proper. 
A  pleasing  increase  of  interest  in  the  library  is  being  shown  by 
the  students  continually:  the  books  are  being  consulted  with 
greater  care,  and  with  results  noticeable  in  the  class-room. 

The  following  agricultural  papers  and  Wyoming  news- 
papers are  sent  to  the  University : 
(3)- 
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Arkansas — 
Farmer. 

California — 

Press  and  Horticulturist. 

The  Call. 

West  American  Science. 

Colorado — 
Farmer. 
The  Field  and  Farm. 

Georgia — 

The  Southern  Cultivator. 

Illinois — 

Prairie  Farmer. 
Orange  Judd  Farmer. 
Farmer's  Review. 
The  Farmer's  Magazine. 
The  Elgin  Dairy  Report. 
Irrigation  Age. 

Indiana — 
Clover  Leaf. 

Iowa — 

Iowa  Homestead. 

4 

Kansas — 
Farmer. 

Kentucky — 

The  Industrial  American. 

Louisiana — 
Planter. 

Maryland — 
Farmer. 
Southern  State. 
Baltimore  Weekly  Sun. 


Massachusetts — 

Farm  and  Home. 

Ploughman. 

Our  Grange  Home. 

American  Cultivator. 

New  England  Farmer. 
Michigan — 

Grange  Visitor. 
Missouri — 

National  Dairyman. 
Nebraska — 

Western  Resources. 
New  Hampshire — 

Mirror  and  Farmer. 
New  Mexico — 

Southwestern     Farm     and 
Orchard. 
New  York — 

American  Agriculturist. 

Rural  New  Yorker. 

Sugar  Trade  Journal. 
Ohio — 

American  Grange  Bulletin. 
Ontario — 

Farmers'  Advocate. 
Pennsylvania — 

Germantown  Telegraph. 

Public  Ledger,  daily. 
Virginia — 

Southern  Planter. 

The  Progressive  South. 
Washington — 

Northwest  Mining  Review. 
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Wisconsin — 

Hoard's  Dairyman. 
State  Papers — 

Bill  Barlow's  Budget. 

Boomerang. 

Carbon  County  Journal. 

Central  Wyoming  News. 

Cheyenne  Tribune. 

Fremont  County  Gazette. 

Laramie  Times. 

Newcastle  News- Journal. 


News-Register. 

Otto  Courier. 

Rock  Springs  Independent. 

Rock  Springs  Miner. 

Saratoga  Lyre. 

Saratoga  Sun. 

Sheridan  Journal. 

Sheridan  Post. 

Sun-Leader. 

Wheatland  World. 

Wyoming  Press. 


The  scientific  and  general  periodicals  taken  by  the  library 
and  kept  on  the  tables  of  the  reading  room  are : 


Agricultural  Science. 

American  Gardening. 

American  Geologist. 

American  Historical  Review. 

American  Journal  of  Mathe- 
matics. 

American  Journal  of  Science. 

American  Machinist. 

American  Naturalist. 

Arena. 

Art  Interchange. 

Asa  Gray. 

Atlantic  Monthly. 

Auk. 

Berichte  der  Deutschen 
Chemischen  Gesellschaft. 

Biologisches  Central-Blatt. 

Book  News. 

Botanical  Gazette. 


Bulletin   of   the   Torrey   Bo- 
-  tanical  Club. 
Carpenter  and  Builder. 
Cassier's  Magazine. 
Century. 
Cosmopolitan. 
Cumulative  Index. 
Die  Garten-laube. 
Education. 
Educational  Review. 
Electrical  World. 
Engineering  Magazine. 
Engineering  Record. 
Ervthea. 
Etude. 

Fern  Bulletin. 
Fliegende  Rlaetter. 
Forum. 
Garden  and  Forest. 
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Germania. 

Great  Round  World. 

Harper's  Monthly. 

Harper's  Weekly. 

Home  Study. 

Journal  of  the  Society  of 
Chemical  Industry. 

Journal  of  the  American 
Chemical  Society. 

Journal  of  the  British  Chem- 
ical Society. 

Kunkel's  Musical  Review. 

Literary  Digest. 

Meehan's  Magazine. 

Metal  Worker. 

Microscope. 

Microscopical  Journal. 

Mining  and  Scientific  News. 

Monist. 

Nation. 

Nature. 

North  American  Review. 

Outlook. 


Philosophical  Review. 

Photographic  Times. 

Physical  Review. 

Plant  World. 

Political  Science  Monthly. 

Popular  Science  Monthly. 

Power. 

Psychological  Review. 

Public  Libraries. 

Quarterly  Journal  of  Pure 
and   Applied   Mathematics. 

Review  of  Reviews. 

Science. 

Scientific  American  and  Sup- 
plement. 

Scribner. 

Sociology. 

Studio. 

St.  Louis  and  Canadian  Pho- 
tographer. 

Terrestrial  Magnetism. 

Young  Men's  Era. 

Western  Electrician. 


The  Universitv  now  uses  the  Dewev  Decimal  Card  Cata- 
logue  system,  and  in  addition  to  the  regular  cards  has  thosf 
coming  from  the  Department  of  Agriculture  at  Washington^ 
containing  a  complete  list  of  publications  sent  from  that  depart- 
ment and  its  several  branches  in  connection  with  the  Experi- 
ment Station  work. 
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TREASURER'S  REPORT. 

The  University  of  Wyoming, 
Agricultural  College. 
Report  of  the  Treasurer  of  said  institution  to  the  governor 
of  the  state  of  Wyoming  of  amount  received  under  act  of  Con- 
gress of  August  30,  1890,  in  aid  of  Colleges  of  Agriculture  an(' 
the  Mechanic  Arts,  and  of  the  disbursements  thereof,  to  and 
including  June  30,  1900. 

Balance  on  hand  July  1,  1899 112,489.33 

Date  of  receipt  of  installment  for  1899-1900,  Nov.  16,  1899. .  25,000.00 

Total  available  for  year  ending  June  30.  1900 $37,489.33 

Disbursements  thereof  for  and  during  the  year  ending 

June  30.  1900. 

Agriculture $1,729.43 

Mechanic  Arts 3,873.42 

English  Language 3,397.88 

Mathematical  Science 2,897.95 

Natural  or  Physical  Sciences 9,739.44 

Economic  Sciences 4,472.73 

Total  expended  during  the  year $26,110.85 

Balance  remaining  unexpended  July  1,  1900...  $11,378.48 

Outstanding  contracts  for  facilities  not  yet  delivered,  chargeable 
to  this  unexpended  balance,  amount  to  $9,503.  Commissioner  of  Ed- 
ucation.   Letter  July  12,  1900. 

We  hereby  certify  that  the  above  account  is  correct  .and 
tnie,  and,  together  with  the  itemized  account  attached,  truly 
represents  the  details  of  expenditures  for  the  period  and  by 
the  institution  named,  and  that  said  expenditures  were  applied 
only  to  instruction  in  agriculture,  the  mechanic  arts,  the  Eng- 
lish language,  and  the  various  branches  of  mathematical,  phys- 
ical, natural,  and  economic  science,  with  special  reference  to 
their  application  in  the  industries  of  life  and  to  the  facilities 

for  such  instruction. 

John  C.  Davis,  Treasurer. 

Grack  Raymond  Hebard,  Secretary. 
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Courses  of  Study. 


For  explanation  of  the  Roman  numerals,  see  departmental  state- 
ments on  precedingr  pages.  Ihe  Arabic  numerals  indicate  the  number 
of  hours  a  week.  Where  no  numeral  appears,  6  is  understood.  Two  hours 
of  laboratory,  shop  or  field  work  are  counted  as  equivalent  to  one  hour 
of  recitation  or  lecture. 

AGRICULTURAL  COURSE. 
PREPARATORY   YEAR. 


FALL  TERM. 

History,  I. 
English.  L 
German,  I. 
Mathematics,  I. 
Industrials,  I. 


Physics,  I. 
Mathematics,  FV. 
Drawing,  I 
German,  IV. 
Botany,  I 
English,  VII. 


WINTER  TERM. 

History,  II. 
English,  II. 
Mathematics,  11. 
German,  II. 
Industrials,  II. 


SPRING  TERM. 


History,  III. 
English.  III. 
Mathematics,  III. 
German,  III. 
Industrials.  HI. 


FRESHMAN  YEAR. 


Physics,  II. 
Mathematics,  V. 
Drawing,  II. 
German,  VI. 
Botany,  II. 
English,   VIII. 


Physics,  III. 
Mathematics,  VI. 
Drawing,  III 
GJerman,  VII. 
Botany.  III. 
English.  IX. 


SOPHOMORE  YEAR. 


Zoology,  I. 
Entomology,   I. 
Chemistry,  I. 
English.  X,  1. 
Agriculture,  I,  4. 


Geologry,  I. 
Philosophy,  I. 
Agriculture,  IV. 
Chemistry,  VII. 
Elective,  5  hours. 


Zoology,  II. 
Entomology,  IL 
Chemistry,  II. 
English,  XI,  1. 
Agriculture,  II,  4. 

JUNIOR  YEAR. 


Zoology,  III. 
Mathematics.  IX. 
Chemistry,  III. 
English,  XII.  L 
Agriculture,  III,   4. 


,  Geology,  II. 
!  Horticulture,  I. 
I  Agriculture,  V. 

Chemistry,  XI. 

Elective,  5  hours. 


Geology.  III. 
Horticulture,  II, 
Agriculture.  VI 
M!eteorology,  I.  2. 
Irrigation,  I,  3. 
Elective,  5  hours. 


SENIOR  YEAR. 


Political  Science,  IV. 
English,  XIX,  1. 
Elective,  10  hours. 


English.  XX,  1. 
Physiology. 
Elective,  10  hours. 


English.  XXI,  1. 
Elective,  15  hours. 
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MECHANICAL  COURSE. 

For  explanation  of  the  Roman  numerals,  see  departmental  state- 
ments on  preceding  pasres.  The  Arabic  numerals  indicate  the  number 
of  hours  a  week.  Where  no  numeral  appears.  5  Is  understood.  Two  hours 
of  laboratory,  shop  or  field  work  are  counted  as  equivalent  to  one  hour 
of  recitation  or  lecture. 

PREPARATORY   YEAR. 


FALL,  TERM. 

Mathematics,  I. 
History,  I. 
English,  I. 
Drawine,  I. 
Industrials,  I. 


WINTER  TERM. 

Mathematics,  II. 
History,  II. 
English,  II. 
Drawing,  II. 
Industrials,  II. 


SPRING  TERM. 


Mathematics,  III. 
History,  III. 
English,  III. 
Drawing,    III. 
Industrials,  III. 


FRESHMAN  YEAR. 


Mathematics,  IV. 
German,  I. 
Physics,  I. 
Drawing,  IV. 
Industrials,  IV. 


Mathematics,  V. 
German,   II. 
Physics,  II. 
Drawing,  V. 
industrials,  V,  8. 
Mechanics,  I,  2. 


SOPHOMORE  YEAR. 


Mathematics,  VII. 
German,  IV. 
Chemistry,  I. 
Drawing.  VII,  4. 
English.  VII.  1. 
Elective,  5. 


Mathematics,  VIII. 
German.  V. 
Chemistry,  II. 
Drawing.  VIII,  4. 
English.  VIII,  1. 
Elective,  5. 


JUNIOR  YEAR. 


Mathematics,  X. 
Mechanics,  III. 
Elective,  5. 
Drawing.   10,   4. 
English.  X,  1. 
Industrials.  VII. 


Mathematics.  XI. 
Mechanics,  IV. 
Elective,  5. 
Drawing.    XI.   4. 
English.  XI.  1. 
Industrials.  VIII. 


Mechanics,  VI. 
Elective,  5. 

Political  Science.  IV. 
English.  XIX.  1. 
Industrials.  X. 
Drawing.  XIII. 


SENIOR  YEAR. 

Mechanic.**,  VII. 
E'ectlve,  5. 
ThesI?!. 

FTifTllsh.  XX,  1. 
I^duptrlals,   XT. 


Mathematics,  VI. 
German,  III. 
Physics,  III. 
Drawing,    VI. 
Industrials,  VI,  8. 
Mechanics,  II,  2. 


Mathematics,  IX. 
German.  VI. 
Chemistry,  III. 

Drawing,   IX,   4. 

P:ngllsh,   IX.   1. 
Elective.  5. 


Mathematics.  XII. 
i\iechanlcs.  V. 
Elective,  5. 
Drawing.   XII,  4. 
English.  XII.  1. 
Industrials.  IX. 


Mechanics,    VIII. 
Elective,  5. 
Thesis. 

English,  XXI.  1. 
Industrials,   XII. 
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UNIVERSITY  OF  WYOMING. 

LARAMIE,  WYOMING. 


Deport  of  the  President  of  Said  Institution  to  the  Secretary  of  the 
Interior  and  the  Secretary  of  Agriculture,  as  Required  by  Act 
of  Congress  of  August  30,  1890,  in  Aid  of  Colleges  of  Agriculture 
and  the  Mechanic  Arts. 

RECEIPTS  FOR  AND  DURING  THE  YEAR  ENDING  JUNE 

30,  1900. 

1.  Balance  on  hand  July  1, 1899,  over  and  above  all  indebt- 

edness (excluding  funded  debt,  if  any) $15,481.87 

2.  St^te  aid:  (a)  Income  from  endowment  granted  by  state 

(b)  Appropriation  for  current  expenses 8,726.51 

(c)  Appropriations  for  building  or  for  other 

special  purposes 6,118.26 

3.  Federal  aid:   (a)  Income  from  land  grant,  act  of  July 

2,  1862  

(b)  Additional  endowment,  act  of  August 

30.  1890 25,000.00 

(c)  For  experiment  stations,  act  of  March 

2,  1887 15,000.00 

4.  Fees  and  all  other  sources 928.70 

Total $71,255.84 
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EXPENDITURES  FOR  AND  DURING  THE  YEAR  ENDED 

JUNE  30,  1900. 

(Not  necessarily  a  balance  sheet  as  compared  with 

Division  II  above.) 

1.  Instruction  in  the  subjects  specified  in  Sec.  1,  act  of  Au- 

gust 30,   1890* 118,445.00 

2.  Instruction  in  all  other  subjects,  if  any,  not  mentioned 

in  Question  1  of  this  series 3,700.00 

3.  Administrative     expenses      (President's,     Secretary's, 

Treasurer's,  Librarian's  salary,  clerical  service,  fuel 
.    light,  etc.)** 3,300.00 

4.  Experiment  Station 15,340.35 


Total 140,785.35 

PROPERTY,  YEAR  ENDED  JUNE  30,  1900. 
Value  of  all  buildings,  |111,540;    of  other  equipment.  |61,500. 
Value  of  above  property  (an  estimate  only  is  expected)  not  used  for 
instruction  in  the  subjects  specified  in  section  1  of  act  of  Au- 
,    gust  30,  1890,  Buildings  (all  used) ;    of  other  equipment,  |17,000. 
Total  number  of  acres,  416;   acres  under  cultivation,  180;    acres  used 
for  experiments,  180;    value  of  farm  lands,  |10,600;    amount  of 
all  endowment  funds,  $7,000.     (Act  July  2,  1862.) 
Number  of  bound  volumes  June  30,  1900,  9,300;    pamphlets,  5,500. 

FACULTY  DURING  THE  YEAR  ENDED  JUNE  30,  1900. 

1.  College  of  Agriculture  and  Mechanic  Arts: 

Male.    Female. 

(a)  Preparatory  classes 10  3 

(b)  Collegiate  and  special  classes 10  3 

(c)  Total,  counting  none  twice 10  3 

2.  Number  in  all  other  departments  (excepting  dupli- 

cates    3  1 

3.  Number  of  staff  of  Experiment  Station 6  1 


•The  answPF  to  this  nuostlnn  will  Include  not  onlv  the  amount  re- 
ceived under  the  act  of  Aug  ist  30,  1890  ("Morrill  Act"),  but  also  all 
amounts  that  are  expenfled  f«.>  the  subjects  specitiod  in  that  act.  irre- 
spective ot  the  character  of  the  funds  the  amounts  may  be  drawn  from 
(State,  tuition   fees,    or  endowi.ient,  etc.) 

•*Tt  may  be  convenient  f»r  mnnv  Itistitutions  to  atiswer  2  and  3  as 
one  question.    Cost  of  new  buildings  Is  given  under  Division  T. 

H4) 
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STUDENTS  DURING  THE  YEAR  ENDED  JUNE  30,  1900. 

Male.    Female. 

(a)  Preparatory  classes 0  0 

(b)  Collegiate  and  special  classes 15  0 

(c)  Post  graduate  courses 0  0 

Total,  counting  none  twice 15  0 

2.  Number  in  all  other  departments 90  83 

3.  Number  of  students  that  pursued  courses  in  agriculture,  2;    me- 

chanical engineering,  13;  electrical  engineering,  0;  mining 
engineering.  11;  architecture,  0;  household  economy,  0;  vet- 
erinary science,  0;  military  tactics,  66.  It  is  not  expected 
that  the  sum  of  these  figures  will  equal  the  number  of  students 
given  above.) 

4.  What  degrees  and  how  many  of  each  kind  were  conferred  In 

1899-1900? 
On  men,  8  (B.  A.,  3;    B.  S.,  3;    M.  A.,  1;   M.  Ped.,  1). 
On  women,  9  (B.  A.,  2;    B.  Ped.,  7). 

5.  What  and  how  many  honorary  degrees  were  conferred  in  1899- 

1900?    None. 

[Signed]     ELMER  E.  SMILEY, 

President. 
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The  Laramie  Cement  Plaster  Industry 


E.    E.    SLOSSON    AND    R.     B.    MOUDY. 


There  are  a  large  number  of  gypsnm  deposits  in  Wyo- 
ming varying  in  composition  from  pure  crystal  to  gypsite 
powder.  At  Red  Buttes,  since  1889,.  plaster  of  Paris  and 
stucco  of  fine  quality  have  been  manufactured,  and  since 
1897  the  Consolidated  Oompany  ha»  been  putting  on  the 
market  plaster  made  from  the  ground  gypsum  rock.  Some 
tests  made  on  the  product  of  this  plant  are  included  in 
this  bulletin  and  further  attention  will  be  paid  to  it  when 
the  gypsum  deposits  of  the  state  are  studied. 

The  Laramie  cement  plaster,  which  is  the  subject  of 
the  investigations  here  reported,  is  made  from  a  deposit 
^^^  gypsite  just  south  of  Laramie.  This  bed  ccvers  about 
180  acres  and  has  been  worked  by  the  Standard  (Vment 
Plaster  Company  since  1896.  Their  annual  output  is  now 
about  2500  tons. 

THE  GEOLOGY  OF  THE  LARAMIE  GYPSITE  DEPOSIT.^ 

The  Triassic  formation,  or  **red  beds"  as  it  is  com- 
monly called,  which  is  exposed  all  along  the  eastern  side 
of  the  Laramie  Plains,  contains  a  great  deal  of  gypsum 
and  one  stratum  of  considerable  thickness  near  the  bottom 
of  the  formation  and  only  a  little  above  the  sandstone  and 
limestone  of  the  Permian  and  Carboniferous.  This  bed 
was  struck  in  the  University  artesian  well  at  a  depth  of 


♦This  is  one  of  a  series  of  reports  issued  by  various  department««  of  the  University  on  the 
nati*ral  resources  of  ihe  State  and  the  industries  founded  upon  them.  Three  bulleiins  have  been 
published  on  petroleum,  one  on  coal,  one  on  mineral  in  general,  one  on  soda  dcoosit  .inu  a  large 
number  on  botany  and  agricuhure. 

fFrom  information  by  Pn  fesRor  W.  C.  Knight. 
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51)5  tV(4  aud  the  PeriHian  sandstone  at  about  800  feet. 
The  Red  Buttes  j^ypsum  i-oek  is  found  in  this  formation 
and  doubtless  the  gyp«uni  outcrop  could  be  found  at  al- 
most any  iK>int  along  the  eastern  side  of  the  Laramie  Plains 
within  a  half  mile  of  the  limestone  and  sandstone  expos- 
ure's which  fonn  the  western  slope  of  the  Laramie  moun- 
tains. The  silica  and  limestone  washed  down  from  these 
exiM)sures  have  mixed  with  the  disintegrated  gypsum  of  the 
Triassic  beds  and  have  been  deiK>sited  in  depressions  of  the 
plains,  forming  numerous  beds  of  gypsite  or  gypsum  earth. 
These  deposits  can  often  be  detected  by  the  whiteness  of 
the  soil  and  the  peculiar  vegetation,  which  consists  of 
clumps  of  grease-wood  {^(arcobatus  vermiculatus),  such  as 
grows  on  the  alkali  flats.* 

The  Laramie  gypeite  bed  has  an  average  depth  of 
about  nine  feet.  From  a  few  inches  below  the  surface  to 
about  seven  feet  it  is  pure  gypsite  i>owder,  then  comes  a 
red  layer  of  five  inches,  and  belo^'  this  a  foot  or  more  of 
the  white  gypsite  powder  resting  on  gravel  and  red  clay. 
The  plaster  material  is  as  fine  as  flour,  requiring  no  grind- 
ing or  even  sifting.  It  is  plowed,  harrowed  and  s<»raped 
up.  calcined  and  loaded  on  the  cars. 

THE  CHEMISTBT  OF  CEMENT  PLASTER. 

In  gypsum  four  molecules  of  water  of  crystallization 
are  combined  with  two  molecules  of  calcium  sulphate 
2CaS()^.4H20.  This  may  be  regarded  as  the  di-calcium  salt 
of  two  molecules  of  ortho-sulphuric  acid.  H-OaB.  On  heat- 
ing this  up  to*2G2'^F.,  a<-cording  to  Le  Chateliert,  three  of 
the  four  molecules  of  water  are  driven  oflF,  leaving 
^('aSO^.H^O.     This  is  the  ordinary  plaster  of  Paris  and 

♦According  to  the  California  Experiment  Station  the  presence  of  greasewood  indicates 
black  alkali  f sodium  carbonate)  in  the  soil.  In  Wyoming  it  is  characteristic  of  the  white  alkali 
(sodium  sulphate),  and  gypsum  where  there  Is  no  trace  of  sodium  carbonate. 

fThorpc:     Dictionary  of  Applied  Chemistry,  I.  471. 
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the  pi  iii('i}>al  injn*^i^iit  in  cement  plaster.  It  may  be  re- 
garded as  the  di-eakium  salt  of  the  acid  H^S^Op  and  as 
siieh  would  be  repi-e^^ented  by  the  symbol  HgCaoSaOe.  The 
foui-th  and  last  molecule  of  water  is  driven  off  between  840° 
and  ^Hl'^F.,  leaving  calcium  sulphate  completely  dehy- 
drated. Calcium  sulphate  prepared  in  this  way  and  not 
heated  highei*  than  is  necessary  to  completely  dehydrate  it 
takes  up  one  molecule  of  water  very  readily,  even  absorb- 
ing it  from  ordinary  air,*  to  form  ^CaSO^.HoO,  plaster  of 
Paris.  If  heated  still  higher  to  480^-fJ50°F.,  or  to  a  red  ht^, 
another  change  takes  place  and  the  cah*ium  sulphate,  al- 
though it  has  the  same  composition  as  that  prepared  at 
'i4()\  yet  differs  from  it  very  decidedly  in  its  properties. 
It  takes  up  water  very  slowly,  and  according  to  Zulkowskit 
only  enough  to  fonu  2(^aS0^.2H20.  Plaster  in  this  con- 
dition is  known  as  **over-burnt''  or  **dead-burnt."  and  is  use- 
less for  practical  purposes. 

The  object  of  the  plaster-maker  is  then  to  drive  off 
three-fourths  of  the  con?bined  water  of  the  gypsunr.  This 
can  be  done  by  heating  to  34()'^F.,  but  in  practice  a  tem- 
peratuix*  of  'AHi)-:\9i)°F,  is  used,  which  doubtless  drives  off 
part  of  the  last  quarter  of  the  water,  but  this  does  not  mat- 
ter, because,  as  alreadv  said,  it  is  restored  bv  the  moisture 
of  the  air.    The  composition  of  pure  gypsum  is,  then: 

('alcium  sulphate 79.1%     100.0  parts 

Water 20.9  26.4 

100.0  120.4 
And  of  pure  plaster  of  Paris  is: 

Calcium  sulphate 93.8%  100.0  parts 

Water 6.2  6.6 


• 


100.0         106.6 


•Poiilitxin:  Watts'  Dictionary  of  Chemistry,  IV.  SfiO. 
fjoor.  of  Soc.  of  Chem.  Ind.  XVIII.  918. 
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(ivpsite,  or  the  material  from  which  cement  plaster  is 
made,  contains  beside  the  gypsum  some  twenty  percent  of 
otbcM*  material,  such  as  clay,  sand  and  limestone.  The 
composition  of  the  different  products  on  the  market  is  very 
variable  and  cannot  be  supposed  to  be  alike  in  their  value 
and  U'se,  but  what  difference  a  greater  or  less  amount  of 
lime  or  silica  or  magnesia  has  on  the  working  of  the  plas- 
ter has  not  been  determined.  The  action  of  the8<^  sub- 
stances as  a  whole  is  to  retard  the  time  of  setting  and  re- 
duce the  strength  as  compared  with  pure  plaster  of  Paris. 

THE  MAKUFACTUBE  OF  CEMENT  PLASTER  AT  LARAMIE 

The  kettles  used  in  the  manufacture  of  cement  plaster 
at  Laramie  hold  a  charge  of  about  five  tons  without  boiling 
over,  and  the  run  is  made  in  about  three  hours. 

One  run  was  watched  from  beginning  to  end  and  sam- 
ples taken  at  intervals  for  analyses.  The  results  were  as 
follows: 
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Ch.irge  put  in. 

Kfllle  tilled. 

Boiling 

End  ot"  firs^t  boil. 

Dumped. 


Tlie  ^yi.site  used  in  this  run  was  quite  damp  and  stuck 
l()<»<*il>er  when  squpez<Hl  in  the  hand.  To  determine  the 
aii'onnt  of  moisture,  a  sample  was  kept  in  a  desiccator  over 
coi)t( Dtratcd  sulphuric  acid  for  four  months,  and  two  other 
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samples  were  heated  in  test-tubes  in  a  paraffin  bath  at  65°C. 
to  constant  weight. 

WATER  IN  THE  GYPSUM  EARTH. 

1.  Moisture  from  desiccator  sample. 15.61% 

2.  Moisture  from  test  tube  sample 15.89 

3.  Moisture  from  test  tube  sample 15.65 

4.  Water  of  crystallization  in  No.  1 19.50 

5.  Total  water  (calculated  from  Nos.  1  and  4) 32.02 

6.  Total  water  by  direct  determination 29.95 

As  the  charge  of  five  tons  is  put  in,  an  operation  which 
lasts  about  two  hours  when  the  material  is  wet,  it  sinks  to 
the  bottom,  but  as  the  temperature  increases  the  powder 
rises  and  flows  in  waves  around  the  kettle  as  it  is  stirred  by 
the  agitator.  The  kettle  at  this  stage  looks  as  though  filled 
with  a  liquid  boiling  violently.  This  is  due  to  the  expulsion 
of  the  water  of  crystallization.  When  the  first  part  of  the 
water  is  driven  ofi!  the  mass  sinks  down  and  presents  a  per- 
fectly smooth  and  level  surface,  unbroken  by  bubbles.  As 
the  heat  is  continued,  a  second  boil  begins  similar  to  the 
first,  but  shorter,  and  the  thermometer  shows  a  rapid  rise 
of  temperature.  As  the  boiling  subsides  and  the  tempera- 
ture is  380-390°F.,  the  operation  is  complete  and  the  plas- 
ter is  finished. 

By  calculating  the  amount  of  water  present  on  the 
constant  basis  of  100  parts  of  the  calcium  sulphate,  as  is 
done  in  the  fourth  column  of  the  table,  we  can  follow  the 
chemical  changes  at  each  stage.  We  have  at  the  begin- 
ning nearly  60  parts  water,  of  which  26.4  is  water  of  crys- 
tallization. The  first  boil  consists  in  driving  off  the  hygro- 
scopic or  accidental  moisture  and  part  of  the  water  of  crys- 
tallization. At  the  end  of  the  first  boil  the  material  con- 
tains about  13  parts  of  water  per  hundred  of  calcium  sul- 
phate, that  is,  half  the  original  amount  of  water  of  crystal- 
lization (26.4),  has  been  driven  off.    If  we  take  the  water 
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content  a«  it  is  falling  after  the  first  boil  we  have  i:i.04, 
which  corresponds  closely  to  the  theoretical  13.2,  or  half 
the  water  of  crystallization.  From  the  analysis  and  from 
the  behavior  of  the  gypsite  at  this  point  it  is  very  probable 
we  have  formed  at  the  end  of  the  first  stage  of  the  procese 
the  monohydrate  CaSO^.HjO,  which,  however,  has  not  been 
isolated. 

At  the  end  of  the  process  we  have  9.17  parts  water  per 
hundred  of  sulphate,  while  theory  requires  for  plaster  of 
Paris,  2CaS()^.H20,  6.6,  showing  that  the  dehydration  is 
not  carried  (juite  far  enough,  and  it  is  probably  impossible 
to  complete  the  ojM*ration  without  danger  of  overheating 
some  parts. 

The  cement  plaster  made  in  the  run  just  described  had 

the  following  composition:* 

Water 6.987c 

Insoluble  residue  (silica) 5.50 

Alumina,  Al^O., .59 

Lime,  CaO 37.11 

Magnesia,  Mg() 1.45 

Sulphuric  acid,  80., 43.37 

Oarbonic  acid  (by  difF.) 5.05 

100.00 

These  may  be  combined  as  follows: 

Water 6.937r 

Insoluble  residue  (silica) 5.50 

Alumina,  AI2O3 .o" 

Magnesium  carbonate 3.04 

Oalcium  carbonate 7.86 

Calcium  sulphate 73.73 

Calcium  oxide 2.35 

100.00 
There  was  a  trace  of  iron  but  too  small  to  determine. 
It  will  be  seen  that  there  are  not  enough  acids  to  combine 

^Analysis  by  R.  B.  Moudy. 
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with  the  bases.  This  fact  has  atso  been  noticed  by  Bailey*, 
who  attributes  it  to  the  presence  of  calcium  silicate.  This 
is  very  probable,  but  this  sample  gave  an  alkaline  reaction 
with  litmus  and  turmeric  paper,  showing  the^presence  of  a 
small  amount  of  free  lime,  perhaps  due  to  local  overheating. 

THE  EFFECT  OF  SAND  ON  THE  CRUSHING  STRENGTH. 

To  determine  whether  the  addition  of  sand  weakens  or 
strengthens  the  cement  plaster,  a  series  of  tests  was  made 
on  two-inch  cubes  made  from  the  neat  cement  and  cement 
mixed  with  amounts  of  sand  running  from  one-eighth  to 
one  and  three-quarters  the  weight  of  the  cement.  From  six 
to  ten  blocks  were  made  of  each  mixture,  as  in  spite  of  all 
efforts  to  secure  uniformity  there  was  a  wide  variation,  as 
is  shown  in  the  table.  .  This  is  due  apparently  to  the 
unequal  distribution  of  minute  air  bubbles,  the  presence  of 
which  could  not  be  avoided  without  using  too  much  water 
or  otherwise  making  the  conditions  very  different  from 
those  of  practical  work. 

The  sand  used  was  obtained  from  the  Laramie  river 
and  was  composed  of  sharp  angled  granitic  fragments.  It 
was  sifted  through  a  millimeter  sieve.  In  making  the 
blocks  for  testing,  400  grams  of  the  cement  was  weighed 
out,  mixed  dry  with  the  weighed  amount  of  sand,  then  a 
measured  quantity  of  distilled  water  was  added  to  make 
the  mixture  of  the  proper  consistency.  More  water  is  used 
for  the  same  amount  of  cement  as  the  amount  of  sand  is 
increased,  but  less  water  in  proportion  to  the  total  weight 
of  the  mixture.  After  stirring  carefully  a  minute  it  was 
poured  into  the  gang  moulds  for  two-inch  cubes  on  a  glass 
plate  and  gently  stirred  to  remove  air  bubbles.  When  the 
plaster  was  set  the  top  was  cut  down  level  with  the  sides  of 


•University  (fcological  Survey  of  Kansas.  Vol.  V.;  1(K{. 
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the  mold.    The  tests  were  made  after  the  blocks  had  been 
exposed  to  the  air  for  one  week. 

The  blocks  were  crushed  in  a  self-registering  Riehl^ 
testing  machine,  for  the  use  of  which  we  are  indebted  to 
Prof.  W.  F.  Gilkifion.  They  almost  alwaj's  broke  in  such  a 
way  as  to  leave  two  irregular  four-sided  pyramids  with 
bases  at  the  top  and  bottom.  Since  the  test  blocks  were 
two-inch  cubes,  the  numbers  given  in  the  table  are  to  be 
divided  by  four  to  give  the  l9ad  per  square  inch,  but  this 
is  not  exact,  because  the  compressive  resistance  of  large 
blocks  is  greater  per  square  inch  of  surface  than  for  small 


ones.* 


As  shown  by  the  table,  the  cement  plcister  is  weaker 
the  greater  the  proportion  of  sand,  although  individual 
variations  in  the  strength  of  the  blocks  even  made  out  of 
the  same  mixture  obscure  the  relation.  The  addition  of 
25  percent  sand  reduces  the  strength  about  15  percent,  and 
each  additional  25  percent  of  sand  decreases  the  strength 
some  5  percent  more. 

Cements  and  mortars  can  be  tested  for  their  resist- 
ance to  tension  or  compression  strains.  Both  are  import- 
ant, but  the  compression  tests  are  not  commonly  made  on 
account  of  the  greater  difficulty  and  expense.  Of  the  two, 
the  determination  of  the  compression  strength  is  prefera- 
ble in  the  case  of  mortars*  and  is  of  more  interest,  becaust^ 
HO  f(»w  of  such  tests  are  on  record.  The  tensile  strength  of 
a   coment    is    supposed    to    be    one-tenth    its    compression 

strength. 

In  these  tests  Lammie  cement  plaster  without  retarder 

was  used. 


♦Brhnnann.  Rigncr  Ind.  Lcitr..  1«I9.25  27,  ''n  Jour,  of  Sor   ol  Chem.  Ind.,  Ih09.  tg-ftlf*. 
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Ta 

BLE  I.      TAe  Effect  oj  Sand  on  the  Strength  of  Cement. 

Cement 
Parts 

by 
1                   Weight 

Sand 

Parts 

by 

Weight 

Water 

Parts 

by 

Weight 

*    Crushing 

Strength  of 

2- inch  Cubes 

Lbs. 

Average  (  rushing  Strength 
of  Each  Set  of  Tests 

Lbs. 

100 

0 

56.0 

5730 
4780 
.M30 
5H10 

.5435 

' 

, 

100 

125 

56.0 

5350 
5570 

543C 

100 

25 

57.0 

4410 
4930 
5350 
44<I0 
4310 
45H0 
4330 
47:iO 
4;i60 
4290 

4575 

• 





100 

50 

58.7 

4;m) 

4440 
4470 
4490 
4110 

i:m 

4010 
4590 

4:^10 

4100 
4290 
45:H) 

4;^7S 

1       .::::: 

'                    100 

75 

60.0 

anr 

i:  :  :  :  :  : 

' 

•      ••••■ 

100 

100 

61.2 

:i520 
3490 
4250 
3890 

:«30 

3550 

37.55 

100 

126 

62.5 

3910 
3220 
3140 
3270 
3760 
3880 
3360 

:i'>(i5 

•       •       •      f 

63.7 

100 

150 

3230 
4010 
3610 
3190 
3160 
3170 
3190 
3190 

3341 

100 

175 

65.0 

3740 
3230 
3450 
3450 
3790 
3480 

3523 

•      • 

'  1 
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BETARDEB8  AND  ACCELEBATOBS. 

The  sertting  of  plaster  of  Paris  is  the  reverse  process 
of  its  manufacture.  The  plaster,  2CaS04.HjO,  takes  up 
three  molecules  of  water  and  forms  gypsum,  2CaS04.4HjO. 
The  water  first  dissolves  a  little  of  the  plaster,  and  this 
crystallizes  out  from  the  solution  in  long  needles  which 
interlace  to  form  a  compact  mass.  The  process  takes  place 
in  the  course  of  ten  to  fifteen  minutes  for  pure  piaster,  and 
the  mass  becomes  very  warm.  The  cement  plaster,  on  ac- 
count of  the  silica,  alumina,  lime  and  magnesia  it  con- 
tains, sets  much  more  slowly  and  the  heot  given  off  is  very 
slight.  The  process  of  setting  is  much  the  same  as  in  the 
case  of  Portland  cement,  in  which  we  have,  however,  cal- 
cium silicate  instead  of  sulphate. 

For  ordinary  plastering  the  cement  plaster  sets  too 
quickly  and  it  is  always  necessary  to  add  some  substance 
which  will  keep  it  workable  long  enough  to  use  up  a  batch 
as  mixed  and  to  allow  time  enough  for  finishing  off  a  con- 
venient portion  of  the  wall.  This  time  varies  according  to 
the  use  made  of  it  and  the  habits  of  the  workmen,  and  it  is 
customary  to  make  up  each  lot  of  cement  plaster  to  order 
when  it  is  known  exactly  what  is  wanted. 

An  immense  number  of  different  kinds  of  retarders 
have  been  invented  and  patented.*  They  are  all,  however. 
very  much  alike  in  composition  and  consist  essentially  of 
some  organic  matter  of  a  gluey  nature.  All  colloids,  such 
as  glue,  molasses,  blood,  starch,  etc.,  retard  the  setting,  and 
crystalloids  (salts  which  crystallize  well)  accelerate  it. 

The  action  of  retarders  is  probably  to  keep  the  mole- 
cules of  dissolved  gypsum  from  uniting  together  in  crys- 
tals, as  it  is  well  known  that  the  presence  of  any  inert  sub- 
stance in  a  solution  hinders  the  formation  of  a  crvstalline 


♦See  list  in  University  Geological  Sur\'ey  of  Kansas,  Vol  V.  p.  114. 
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precipitate,  and  the  crystaJs  formed  are  smaller  under  such 
circumstances.  If  this  is  true,  a  retarder  must  weaken  the 
plaster,  because  its  strength  depends  on  the  inter-locking 
of  the  gypsum  crystals.  In  all  of  our  experiments  we  have 
found  that  this  is  the  case.  From  Table  IV  it  will  be  seen 
that  the  addition  of  2  pounds  per  ton,  or  0.1  percent  of 
W.^Tuore  retarder  to  Laramie  cement  plaster  reduced  the 
compression  strength  25.2  ]>eroent,  and  on  Red  Buttes  ce- 
ment plaster  2  pounds  per  ton  weakened  it  19.6  percent,  and 
4  ]>ounds  per  ton  27.6  percent  of  its  original  strength.  The 
use  of  8  or  10  pounds  per  ton  prevents  setting  altogether, 
and  the  cement  remains  soft  and  crumbly.  In  this  case 
the  calcium  sulphate  takes  up  the  water  of  crystallization 
just  as  before,  but  the  crystals  formed  are  small  and  sep- 
arate, and  the  whole  mass  is  like  chalk.  It  is  apparent, 
then,  that  it  should  be  the  object  of  the  manufacturer  to 
use*  as  little  retarder  as  possible,  both  on  account  of  its  cost 
and  berause  it  weakens  the  plaster.  It  would  be  interest- 
ing to  test  a  large  variety  of  substances  suitable  for  re- 
tarders  to  see  whether  they  all  act  equally  in  diminishing 
the  strength. 

lu  the  expenments  reported  in  Table  II  a  number  of 

retard^n's  were  used  to  see  how  they  compared  in  the  time 

they  delayed  the  set.     In  Nos.  4-8,  the  retarder  used  was 

manufactured  in  Wymoi^,  Neb.,  from  the  tankage  from  a 

packing  house  mixed  with  limestone.    It  is  of  a  butt*  color 

and  has  only  a  slight  odor.    In  9-12,  a  retarder  from  Webster 

<Mty.  Iowa,  was  used  which  seems  to  be  the  same.    The  re 

tarder  from  Swift  &  Co.,  Chicago,  is  of  a  yellowish  brown 
color,  coarsi^ly  ground,  and   has  a  strong  odor.     The  re- 

tardtM-  fiMim  Swift  &  Co.,  Kansas  City,  ig  very  course,  con- 
taining hair,  fiber,  bone,  gravel,  etc.,  very  dark  in  color 
and  has  a  very  strong  and  disagreeable  odor.  The  odor  of 
wet  cement  plaster  mixed  with  the  last  two  retarders  is 
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so  Ktrong  and  dingnsting  that  it  is  diflSeult  to  market  plaster 
containing  them,  although  the  odor  disappears  from  the 
walls  after  a  few  days. 

An  effort  was  made  to  obtain  a  cheap  and  home-grown 
retarder,  and  with  this  in  view  the  cactus  which  grows  s<i 
abundantly  on  the  Laramie  Plain«  iOpuntia  plattfcarpia) 
was  dried  and  ground..  The  common  malra  {MalrnntrHm 
coceineum)  was  prepared  in  a  similar  manner,  using  the 
whole  plant.  Both  these  were  of  a  light  green  color  and 
with  no  odor  but  that  of  hay.  These  wei*e  found  to  be  ex- 
cellent retarders,  nearly  as  strong  as  any  on  the  market 
Tw"o  pounds  per  ton  retards  the  setting  sufficiently  for 
practical  purposes.  It  is  noticeable,  however,  that  a  larger 
amount  does  not  lengthen  the  time  as  much  as  in  the  case 
of  the  other  retarders. 

(31ay  (Wyoming  Bentonite)  and  dr^'  glucose  are  also  in- 
cluded, since  they  act  slh  retarders. 

In  making  the  tests  the  finely  ground  retarder  was  ac- 
curately weighed  and  thoroughly  mixed  with  the  dry  ce- 
ment. Water  was  then  added  and  the  cement  put  on  a 
glass  plate  in  a  cake  four  inches  iri  diameter.  Two  needles, 
both  a  twelfth  of  an  inch  in  diameter,  were  used  to  deter- 
mine the  time  of  set.  One  was  loaded  with  a  weight  of  a 
quarter  of  a  pound  and  the  other  four  j>ounds..  The  time 
when  the  lighter  needle  ceased  to  make  a  decided  impres- 
sion on  the  cake  is  reported  as  **flrst  setting,"  and  when  the 
heavier  needle  was  supported  without  indentation  is  given 
as  "hard  set.''  This  method  gives  results  that  are  compara- 
ble with  each  other,  though  the  time  given  is  not  necessa- 
rily the  same  as  in  aotual  use,  because  stirring  and  prensing 
the  plaster  as  in  using  it  on  walls  or  for  mortar  hastens  the 
setting  very  much. 

Laramie  cement  plaster.  Red  Buttes  cement  plaster, 
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ajjatite,  and  Red  Buttes  »tucco  (plaster  of  Paris)  are  in- 
cluded in  the  tests. 

In  the  ease  of  market  samples  the  amount  and  kind  of 
retaider  is  not  stated.  For  these  samples,  as  well  as  for 
the  infonnation  they  have  giten  u-s,  we  are  much  indebted 
to  ^Ir.  \Vm.  MeClary,  superintendent  of  the  Standard  Ce- 
ment Plaster  Works,  and  Mr.  J.  H.  Arthur,  secretary  of  the 
Consolidated  Plaster  Company. 

Table  11       Effect  of  Rctarders  on  Time  of  Srfftntr, 


Pounds 

P'init 

Hard 

t 

No. 

Cement 

Retarder 

Retarder 
Per  i  on 

0 
Undci. 

Setting 
H.  M. 

Set 
H.  M. 

Remarks 

1 

Laramie 

2:25 

4:40 

3:45 
5:35 

2 

Market  .sample 

"•••••• 

3 

•  •            •• 

i< 

12:00 

4 

Wyraore 

1 

5:20 

ft:20 

5 

«» 

2 

0:05 

7:10 

t> 

.< 

4 

8;40 

10:55 

i 

.    •' 

B 

9:50 

11:30 

Cracked  a  little 

h 

•  • 

8 

i:i:05 

•      t      -      • 

Never  hard^n'd 

W 

Webster  City 

2 

5:50 

6:30 

....     [what 

10 

<< 

4 

8:55 

10:4r, 

Cracked  some- 

11 

•t 

ft 

12:15 

•      •       •      • 

Cracked  badly 

n 

*f 

•  • 

8 

I2:a5 

•       •       •       • 

Did  not  set 

i:f 

Switt.  Chica;o 

1 

4:20 

5:10 

14 

•  •            It 

2 

4.25 

5:10 

15 

••            <• 

4 

4:40 

5:15 

16 

•  t 

«•             •• 

ft 

4:50 

5:20 

i: 

Swift,  Kansas  (Jiiy 

1 

■      •       •      • 

5:10 

In 

» •                           ft                         vA 

2 

3::« 

4:10 



10 

••                           «•                        •« 

2 

4:15 

5:15 

2l» 

«•                       ft «                   <  a 

4 

4;10 

5:15 

•21 

•  •                          C  I                      • « 

4 

4:15 

5:10 

22 

*•                        «i                     4< 

ft 

4:10 

5:00 

Z\ 

t*                         1 «                    t  * 

6 

3::J5 

4:15 

•J4 

Cactus 

2 

4:05 

4:45 

tin 

•    << 

2 

4::i5 

5:20 

2B 

4 

4 

4:10 

5:10 

•r 

« 

•  < 

6 

4:50 

5:40 

■> 

Malva 

2 

4:05 

4:55 

•   •    ,    •   •    •   • 

2« 

■• 

4 

4:40 

455 

•   •   .    •       •   • 

m 

•  • 

ft 

4::K) 

5:10 

•   •   •    •       •   • 

'.i\ 

Glucose 

ft 

4:50 

ft:  15 

:t» 

Clay 

ft 

4.00 

5:20 

33 

«• 

10 

4:20 

5:30 

u 

Red  Buttes.  stucco 

0 
0 

:ao 

:24 

:50 
:42 

:J5 

3« 

• •    •<      t< 

0 

:20 

•VQ 

.   .     [Cracked 
Did  not  set. 

:iT 

••    *•      •• 

Wymore 

8 

4:30 

•      •       ■       • 

»< 

••    .t      it 

•  1 

2. 

1:(W 

1  45 

39 

"        "         plaster 

0 

:50 

1:20 

40 

••        «k            t. 

Wymore 

2 

4:45 

5:45 

41 

1 

<< 

8 

8:25 

.... 

Soft  &  cracked 

42 

'            ..                  4.                              ,4 

Market  sample 

Undet. 

5:10 

ft:  15 

. 

4:^ 

Agatile 

Market  sample 

Undet. 

4:00 

5:05 

16 


Wyoming  Agri4niltural  College, 


Table  III.     Effect  oj  Accelerators  on  the  Time  of  Setting. 


No. 


1 
2 
3 
4 


Cement 


Laramie 


Accelerator 


Salt 

Sodium  Sulphate 

Sodium  Carbonate 


j'ounds 

First 

per  ton 

0 

Setting 

2:25 

0 

:55 

6 

2:30 

6 

2:25 

Hard 

Set 


a:4r) 

2:30 
2:.'iO 
2-W 


.Vccelerators  are,  of  course,  not  needed  in  eement 
plaster,  but  it  is  important  to  know  what  substances  and 
conditions  shorten  the  time  of  setting.  From  Table  III  it 
appears  that  common  salt,  sodium  sulphate  (glauber  salt), 
and  sodium  carbonate  (sal  soda)  all  accelerate  the  time  of 
final  setting,  and  the  effect  of  salt  is  very  decided.  A  sam- 
ple of  Laramie  g.v|>sum  earth  taken  in  1898  contained  3.25 
percent  sodium  sulphate,  but  that  is  not  found  in  the  ma- 
terial now  used. 

Of  most  importance  among  the  accelerators  is  gyp- 
sum itself.  If  new  plaster  is  mixed  in  boxes  not  thoroughly 
cleaned  from  the  old  plaster,  it  will  set  so  quickly  that  it 
is  diflScult  to  work.  A  very  small  proportion  of  plaster  al- 
ready set  will  produce  a  marked  effect. 

The  use  of  a  large  amount  of  water  will  delay  the  set- 
ting somewhat.  Warm  water  hastens  the  setting  very 
much. 

In  the  manufacture  of  cement  plaster  the  retarder 
should  be  thoroughly  mixt^  with  the  cola  plaster.  If  it 
is  mixed  with  the  hot  plaster  just  as  it  comes  from  the  ket- 
tle, as  is  done  in  some  factories,  it  is  partly  melted  and  un- 
equally distributed.  Ten  pounds  per  ton  mixed  in  this  way 
does  not  have  -so  great  an  effect  as  two  pounds  mixed  cold. 

For  comparison  we  have  reported  in  Table  IV  a  variety 
of  tests  on  the  different  cement  plasters,  including  stucco, 
of  which  we  had  samples.     It  will  be  seen  that  what  has 
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been  said  of  the  weakening  effect  of  sand  and  retarders 
holds  good  for  all  the  brands  tested.  The  crushing  strength 
of  the  three  kinds  of  cement  as  marketed,  with  about  same 
time  of  setting,  is  as  follows: 

Red  Buttes  cement  plaster,  without  sand 5200 

Laramie  cement  plaster,  without  sand 4065 

Agatite  cement  plaster,  without  sand 3550 

The  Red  Buttes  plaster  contained  numerous  soft  spots 
where  the  plaster  did  not  set,  owing  to  imperfect  burning. 
These  were  not  found  in  the  Laramie  and  agatite  plasters 

Since  plaster  is  often  mixed  by  bulk  instead  of  weight, 
it  was  necessary  to  determine  the  relation  between  the 
weights  and  measures,  and  the  figures  may  be  of  use  to 
others.  Although  the  individual  particles  of  plaster  are 
heavier  than  water,  yet  a  bushel  weighs  64  pounds,  or 
95  percent  as  much  as  a  bushel  of  water.  A  block  of  the 
cement  plaster  after  it  is  set  and  dry,  containing  50  parts 
sand  per  100  parts  of  plaster,  has  a  specific  gravity  of  1.5 
compared  with  water.  A  cubic  foot  weighs  93.5  pounds. 
The  sand  used  had  a  specific  gravity  of  1.5  and  a  ten-quart 
bucket  holds  29.5  pounds. 
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Honorable  OTTO  GRAMM Laramie 

Honorable  MELVILLE  C.  BROWN Laramie 

President  ELMER  E.  SMILEY Laramie 

STATION  COUNCIL. 

ELMER  E.  SMILEY,  D.  D Director 

♦BURT  C.  BUFFUM,  M.  S., 
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AVEN  NELSON.  M.  S..  M.  A Botanist 

EDWIN  E.  SLOSSON.  M.  S Chemist 
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•Resigned  to  accept  chair  of  agrrlculture  in  the  Colorado  Agricultu- 
ral College.  Fort  Collins,  Colorado.  Prof.  Luther  Foster,  M.  S.  A.,  of 
Logan,  T'tah,  elected  to  fill  vfuancy. 
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1  hereby  submit  the  tenth  annual  report  for  the  Wyonung 
Agricultural  Experiment  Station,  in  compliance  with  congres- 
sional enactment.  The  report  covers  the  work  of  the  statioa 
during  the  fisctl  year  ending  June  30,  1900. 

ORIGIN  AND  PURPOSE. 

The  Wyoming  Agricultural  Experiment  Station  is  the  de- 
partment of  research  of  the  College  of  Agriculture  of  the  Uni- 
versity of  Wyoming.     Congress  in  1887  appropriated  $15,000 
annually  for  this  purpose,  and  on  January  10,  1891,  the  Wyo- 
ming legislature  authorized  the  University  of  Wyoming  to  re- 
ceive this  appropriation.    The  work  of  the  station  is  to  aid  in 
the  acquiring  and  diffusing  among  the  people  of  the  United 
States,  and  especially  of  Wyoming,  useful  and  practical  in- 
formation on  subjects  coimected  with  agriculture,  to  conduct 
scientific  investigations  and  experiments  on  the  physiology  of 
plants  and  animals;    to  investigate  animal  and  vegetable  dis 
eases  and  parasites ;  to  chemically  analyze  soils  and  water  and 
vegetable  and  animal  products  ;  to  acclimate  grains  and  grasser 
fruits  and  vegetables,  to  our  arid  climate  and  high  altitude ;  t( 
a.scertain  the  best  methods  of  irrigation,  and  of  retaining  the 
moisture  in  the  soil ;   to  find  the  best  breeds  of  stock,  and  the 
best  varieties  of  field  and  garden  crops  for  the  various  portion r 
of  Wyoming;    and  to  carry  on  any  other  experiments  whic' 
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promise  to  benefit  our  agricultural  and  grazing  interests.  The 
results,  of  these  experiments  are  published  in  the  station  bulle- 
tins, which  are  sent  free  upon  request  to  residents  of  this  state. 

BULLETINS. 

Five  bulletins  have  been  published  during  the  fiscal  year 
1899- 1900.  These  bulletins  contain  pupular  accounts  of  the 
results  of  such  of  the  investigations  by  the  station  as  were  con 
sidered  of  especial  value  to  our  farmers  and  ranchmen.  Such 
of  the  technical  work  as  could  be  prepared  is  published  as  part 
of  this  report.  The  detailed  accounts  of  scientific  investigations 
are:  **The  Cryptogams  of  Wyoming,"  "Alkali  Studies  V/' 
^'Variety  Tests  With  Wheat,  Oats  and  Barley,"  "Some  Wat' 
Measurements,"  Forage  Plants,"  "Germination  of  Wheat  and 
Oats  Treated  for  Smut,"  and  "Meteorology  for  1899."  The 
bulletins  are : 

No.  41.     Some  Experiments  With  Subsoiling. 

This  bulletin  gives  a  general  account  of  subsoiling  and  the 
supposed  eflfect  of  subsoiling  on  the  conservation  of  moisture 
for  the  growth  of  crops.  An  experiment  which  was  conducted 
three  years  at  Laramie,  two  years  at  Lander  and  Sheridan  and 
one  year  at  Wheatland  and  Sundance  is  reported,  except  the 
work  at  Lander,  records  of  which  were  lost  in  transit.  The 
results  indicate  that  subsoiling  will  pay  for  root  crops  but  is  of 
doubtful  value  in  raising  grain,  and  that  such  preparation  of  the 
land  does  not  result  in  a  saving  of  moisture  or  decrease  the  ne- 
cessity of  irrigating  crops  in  this  region. 

Xo.  42.    Some  Native  Forage  Plants  for  Alkali  Soils. 

A  general  review  of  the  range  areas  of  the  state  is  given 
and  the  need  of  more  abundant  forage  on  alkali  plains  is  pointed 
out.    Seven  of  the  native  Salt  or  Sweet  Sages  are  described  and 
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illustrated  with  notes  regarding  the  abundance  and  value  of 
each  species.  Three  grasses,  winter  fat  and  one  buFrush,  which 
thrive  in  strong  alkali  ground,  are  also  discussed.  The  bulletin 
shows  that  the  plants  are  promising  species  to  be  brought  under 
cultivation  and  especially  for  planting  on  alkali  portions  of  the 
farm. 

No.  43.    Alfalfa  as  a  Hay  Crop. 

This  report  gives  a  brief  history  of  alfalfa,  and  instructions 
for  its  culture  in  Wyoming,  especially  at  high  altitudes  where 
it  has  been  thought  practicable  to  grow  it.  The  results  of  nine 
years'  experiments  by  the  Wyoming  Station  are  reported,  giv- 
ing the  yield  of  hay  in  several  parts  of  the  state  and  an  account 
of  the  comparative  merits  of  the  New  Turkestan  variety.  Ac- 
counts are  given  of  the  winter  killing  of  alfalfa  and  the  appar- 
ent cause ;  the  value  of  alfalfa  for  alkali  soils,  and  of  the  ene- 
mies of  alfalfa  so  far  observed  in  the  state.  The  duty  of  water 
with  fifteen  measurements  made  by  the  station  on  alfalfa  are 
also  reported,  and  accounts  are  given  of  the  success  obtained 
with  alfalfa  by  ranchmen  who  have  tried  it  on  the  Laramie 
plains. 

No.  44.    Alfalfa  as  a  Fertilizer. 

This  bulletin  discusses  the  need  of  nitrogen  fertilizers  for 
arid  soils  and  the  relation  of  alfalfa  to  the  nitrogen  problem,  as 
well  as  its  effect  on  the  physical  condition  of  the  soil.  An  ex- 
periment carried  out  by  the  station  to  show  the  value  of  alfalfa 
as  a  fertilizer  is  reported.  It  shows  that  the  value  of  alfalfa 
hay  taken  from  the  land  was  as  great  or  greater  than  the  value 
of  other  crops  produced  on  an  adjoining  plat  of  the  same  size, 
and  when  plowed  under  the  alfalfa  having  grown  on  the  land 
increased  the  value  of  wheat  $8  to  $12  per  acre,  oats  $16  per 
acre  and  potatoes  $16  per  acre,  at  no  cost  for  fertilizing  the  land 
in  this  manner. 
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No.  45.     A  Preliminary  Report  on  the  Artesian  Basins 

OF  Wyoming. 

After  a  brief  introduction  setting  forth  the  primary  objects 
of  the  bulletin,  a  considerable  space  is  given  to  a  resum^  of  Wy- 
oming geolog\'.  In  this  resum(^  an  attempt  has  been  made  to 
bring  the  subject  of  geology  within  the  reach  of  the  people  of 
this  state,  that  they  may  utilize  the  data  in  looking  up  and  study- 
ing artesian  conditions.  Each  formation  is  briefly  discussed, 
and  with  the  prominent  formations  there  are  illustrations  show 
ing  the  fossils  that  are  usually  found  in  the  various  horizons. 
Each  formation  is  also  considered  from  an  artesian  standpoint 
Some  space  has  been  given  to  the  discussion  of  water-bearing 
zones,  and  accompanying  this  is  a  table  of  analyses  showing  the 
kinds  of  water  that  have  been  found  in  some  of  the  zones,  and 
further  a  tabulated  statement  showing  the  general  character  of 
the  water  found  in  the  various  formations.  Artesian  wells  arc 
mentioned  and  there  is  a  list  of  the  known  wells  in  Wyoming 
up  to  the  present  time.  Instructions  are  given  for  the  location 
of  artesian  wells.  Following  these  topics  are  discussions  of  the 
various  artesian  basins.  The  state  has  l)een  subdivided  into 
eleven  artesian  basins,  and  each  of  these  is  briefly  describ:d  and 
their  artesian  possibilities  discussed.  There  are  also  numerous 
geological  sections  to  illustrate  the  structure  of  the  various  ba 
sins  and  a  geological  map  showing  the  position  of  the  basins 
and  the  geolog\'  of  each.  The  bulletin  is  illustrated  with  four- 
teen plates  and  fifteen  geological  sections.  While  the  artesian 
possibilities  are  great  in  Wyoming,  the  present  development 
does  not  in  any  way  indicate  the  true  conditions.  A  few  small 
Avells  have  been  drilled  in  widely  separated  localities ;  but  none 
of  these  have  been  carefully  located :  in  fact,  the  majority  of 
them  were  drilled  for  other  purposes  than  securing  flowing 
^vells. 
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Plans  of  Station  Work  for  1900-1901. 


DEPARTMENT  OF   AGRICULTURE   AND    HORTICULTURE. 

1.  Irrigation  investigations. 

a.  Co-operation  with  the  U.  S.  Department  in  the  meas 

urement  of  water  ©n  farms  and  in  seepage  investi- 
gations. 

b.  Measurements  of  water  used  on  experiment  farm. 

c.  Plat  experiments — different  amounts  of  water  on  the 

same  crop. 

d.  Notes  on  sub-irrigation. 

e.  Evaporation  from  soil. 

2.  Alkali  investigations. 

a.  In  the  field — Effect  of  irrigation. 

Effect  of  green  manures. 
Economic  plants  on  alkali  soil. 

b.  In  the  laboratory. 

3.  Soil  work. 

a.  Permanent  soil  plat — ^Same  crop  year  after  year. 

b.  Crops  with  and  without  summer  cultivation. 

c.  Crops  with  aud  without  rotation. 

d.  Alfalfa  as  a  soil  improver. 

e.  Fertilizer — Nitrate  of  soda. 

4.  Cereals. 

a.  Treatment  for  grain  smut. 

b.  Oats  on  different  depth  of  plowing. 

c.  Plat  work  with  grains.     Rest  varieties  of  oats  and 

wheat. 


50  Wyoming  Experiment  Station. 


5.  Forage  crops. 

a.  Cultivated    and    native,    including   the   co-operative 

plats  with  the  U.  S.  Department  of  Agriculture. 

b.  Alfalfa — Different  rates  of  seeding  per  acre. 

c.  Alfalfa  planted  with  different  grasses. 

6.  Potatoes. 

a.  Different  amounts  of  water  used  in  irrigation. 

b.  Pedigreed  potatoes. 

7.  Horticulture. 

a.  Hardy  fruits  at  Laramie  and  fruit  notes  at  Lander 

and  Sheridan. 

b.  Garden — small  amount  of  variety  work. 

c.  Asparagus  on  alkali  and  good  land. 

d.  Native  trees  and  shrubs. 

e.  Co-operative  experiment  in  ecology. 

8.  Pigs  on  alfafa,  artichokes  and  pease. 

9.  Entomology. 

a.  Honey  bees  at  Laramie. 

b.  Notes  on  injurious  insects  ,collections  and  exchanges. 

10.  Studies  of  wheat. 

THE   BOTANIST. 

1.  Field  work  upon  the  plants  of  the  state  continued  with  spe- 

cial reference  to— 

a.  Forage  plants. 

b.  Parasitic  fungi. 

c.  Edible  fleshy  fungi. 

d.  Ornamental  shrubs. 

e.  Herbaceous  perennials  suitable  for  flower  garden. 

f.  Native  fruits. 

2.  As  for  1899,  continued. 

3.  As  for  1899,  continued. 


i 
J 
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THE  CHEMIST. 

1.  EflFect  of  alkali  on  germination  of  seeds. 

2.  Analysis  of  soil  and  alkali. 

3.  Analysis  of  alkali-resisting  plants. 

4.  Analysis  of  irrigation  water. 

THE  GEOLOGIST. 

1.  Completion  of  the  preliminary  bulletin  on  the  artesian  ba- 

sins of  the  state. 

2.  The  origin  of  alkali. 

( 1 )  The  geological  location  of  these  salts  and  their  rela- 

lation  to  the  various  terranes. 

(2)  The  way  alkali  finds  its  way  into  the  soils. 

(3)  Preventing  further  accumulation  if  possible. 

3.  Wind  erosion  and  its  relation  to  soil  formation  in  the  arid 

districts. 

4.  To  complete  the  preliminary  work  on  the  birds  of  Wyoming 

and  arrange  notes  for  publication. 

THE  PHYSICIST  AND  METEOROLOGIST. 

1.  Movement  of  alkali  in  soils. 

2.  Evaporation  of  moisture  from  the  surface  of  soils. 

3.  Effects  of  mulching  the  soil  to  various  depths  on  the  evapo 

ration  of  moisture. 

4.  Study  of  terrestrial  radiation  and  sunshine. 

5.  Observation  upon  the  direction  and  force  of  air  currents  at 

Laramie. 

6.  Continuation  of  the  work  of  making  meteorological  ob- 

servations  and   co-operating   with    the   state   and   the 
United  States  weather  service. 
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Report  of  Station  Council. 

REPORT  OF  THE  DIRECTOR. 

The  Station  Council — What  It  Is. — The  origin  and 
purpose  of  the  Agricultural  Experiment  Station  maintained  by 
the  federal  government  in  connection  with  the  university  has 
already  been  explained  on  a  preceding  page.  It  is  the  depart- 
ment of  research  of  the  College  of  Agriculture  of  the  University 
of  Wyoming.  Besides  their  regular  work  in  the  class  room, 
our  professors  of  agriculture,  botany,  chemistry,  physics  and 
geolog}'  are  also  members  of  the  staflf  on  our  Station  Council 
and  are  engaged  along  their  several  lines  of  investigation  in  con- 
nection with  the  experiment  work  of  this  government  station. 
These  five  professors  of  natural  science,  together  with  the 
president  of  the  university,  who  is  director  of  the  station,  and 
the  secretary  of  the  board  of  trustees,  who  is  the  secretary  of  the 
station,  form  the  Station  Council.  This  body  passes  on  all  mat- 
ters pertaining  to  station  work  in  the  way  of  experimentation 
and  research,  and  its  recommendations  are  then  referred  to  the 
agricultural  executive  committee  of  the  board  of  trustees. 

All  plans  of  work  by  the  heads  of  departments  are  first  dis- 
cussed and  accepted,  modified  or  rejected  by  the  Station  Coun- 
"cil ;  this  system  insures  the  co-operation  of  the  staff  of  station 
workers  and  prevents  scattered  work  and  misapplied  eflFort- 
Again,  all  bulletins  published  by  the  station  are  first  read  before 
the  Station  Council  and  each  member  is  free  to  criticise  any 
questionable  point  of  fact,  extravagant  statement  or  the  general 
arrangement  of  the  matter;  and  finally  the  bulletin  may  be 
either  adopted  and  recommended  to  the  Agricultural  Executi\'e 
Committee  of  the  Board  of  Trustees  for  publication,  or  it  may 
he  returned  for  revision,  or  be  entirely  rejected.     Such*  has 
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been  the  general  policy  governing  the  station  since  its  organiza- 
tion ;  and  the  fact  that  the  workers  have  been  a  unit  force,  and 
so  have  made  a  combined  attack  on  the  important  agricultural 
problems  from  all  sides  at  the  same  time,  has  contributed  largely 
to  their  success  heretofore. 

What  It  Does. — The  study  and  research  of  the  station 
are  made  as  practical  as  possible,  and  have  to  do  with  the  prob- 
lems which  in  our  opinion  are  of  most  importance  to  the  farm- 
ers of  the  state.  For  example,  the  subject  of  irrigation  and  the 
alkali  problem  have  been  given  much  attention.  At  the  pres- 
ent time,  so  far  as  we  can  we  are  co-operating  with  the  Depart- 
ment of  Agriculture  at  Washington  in  the  new  irrigation  work 
being  done  under  the  direction  of  Mr.  Elwood  M^ad,  who  has 
been  for  a  number  of  years  the  efficient  State  Engineer  of  Wyo- 
ming, and  is  now  connected  with  the  Office  of  Experiment 
Stations.  The  results  of  our  work  are  being  published  from 
time  to  time.  The  carefully  prepared  bulletins,  based  as  they 
are  upon  as  thorough  work  as  we  can  do,  are  offered  to  the  peo- 
ple with  the  belief  that  they  contain  nothing  but  reliable  in- 
formation, upon  which  the  greatest  dependence  may  be  placed. 

The  widely  scattered  population  of  the  state  has  made  it 
almost  impossible  for  the  station  to  come  into  direct  contact 
with  our  farmers.  The  farming  communities  are  naturally 
located  in  the  places  most  favorable  to  agriculture,  and  are 
sometimes  separated  from  one  another  by  mountain  ranges  and 
long  distances;  and  with  the  funds  at  our  command  and  the 
small  number  of  our  station  workers  it  has  so  far  seemed  im- 
practicable to  do  any  general  farmers'  institute  work.  How- 
ever, when  the  time  comes  that  it  is  possible  for  us  to  engage  in 
this  kind  of  work,  we  shall  be  glad  to  undertake  it ;  because  we 
believe  it  will  prove  most  valuable  in  bringing  the  fanners  and 
our  station  into  closer  relation  with  each  other.  The  station 
workers  would  then  become  better  acquainted  with  the  farm- 
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ers'  needs,  and  the  information  offered  bv  the  station  could  be 
better  brought  before  the  attention  of  the  farmers. 

The  Farm  and  Buildings. — When  the  station  was  last 
inspected  by  Dr.  A.  C.  True,  Director  of  Experiment  Stations^ 
Washington,  D.  C,  he  made  some  valuable  suggestions  in  re- 
gard to  the  enlargement  of  our  experiment  farm  at  Laramie, 
in  order  that  irrigation  experiments  might  be  more  extensively 
carried  on.  Accordingly  our  original  forty  acres  have  since 
been  increased  by  a  donation  of  an  additional  eighty  acres  of 
land,  with  water  right  for  the  same,  from  the  Wyoming  Cen- 
tral Land  and  Improvement  company.  This  land  is  presented 
to  the  station  to  be  held  so  long  as  it  is  used  for  experimental 
purposes,  and  fills  a  long  felt  want  in  supplying  land  for  irri- 
gation on  an  adequate  scale  to  furnish  results  of  value  to  the 
arid  west.  This  land  has  been  fenced  and  forty  acres  plowed 
and  putinto  crops  this  year.  The  station  buildings  are  a  small 
five  room  cottage,  a  tool  shed,  and  a  shed  used  as  a  bam  at  the 
farm ;  and  a  bam  and  green-house  on  the  university  grounds. 
The  farm  is  well  equipped  with  implements  and  all  needed  ma- 
chinery. The  great  need  of  the  station  is  a  good-sized  bam  in 
which  to  store  farm  implements  and  grain,  and  to  provide  room 
for  threshing  and  winnowing  of  seeds  indoors. 

With  only  the  amount  which  can  be  used  each  year  for 
building  purposes  from  the  Hatch  fund  ($750)  it  is  not  possible 
to  build  more  than  in  a  ver}'  small  way,  and  it  would  seem  that 
the  state  will  need  to  make  some  provision  in  the  near  future 
for  more  commodious  buildings  for  the  station.  » Particularly  is 
this  true,  in  case  any  work  is  begun  in  animal  industry :  it  will 
then  be  necessary  to  add  to  the  buildings  at  considerable  cost. 
The  time  has  come  when  it  would  seem  to  be  necessary  for  us 
to  begin  to  take  some  steps  in  this  direction,  in  order  to  meet 
the  demands  of  the  stockmen  in  this  stock-growing  state.  And 
here  the  Director  would  beg  to  offer  the  following  suggestioti. 
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When  the  vote  of  the  last  legislature  shall  have  been  carried 
into  effect  and  the  present  buildings  in  Laramie  now  occupied 
as  a  penitentiary  shall  have  been  abandoned  for  the  new  state 
building  at  Rawlins,  will  it  not  be  practicing  a  wise  economy 
for  the  next  legislature  to  turn  over  the  old  grounds  and  build- 
ings in  Laramie  to  the  State  Agricultural  College  of  the  Uni- 
versity of  Wyoming?  And  by  so  doing,  would  not  the  state 
5how  its  good  faith  in  receiving  the  generous  donation  from  the 
federal  government  through  the  Hatch  fund  ? 
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The  bulletins  issued  from  this  department  during  the  year 
were  No.  41,  **Some  Experiments  With  Subsoiling;"  No.  43, 
^* Alfalfa  as  a  Hay  Crop,*'  and  No.  44,  "Alfalfa  as  a  Fertilizer." 
The  following  special  papers  have  been  prepared  to  accompany 
this  report:-  "Alkali  Studies  V,"  "Some  Water  Measure- 
ments/' "Variety  Tests  with  Wheat,  Oats,  and  Bariey,*'  "For- 
age Plants/'  and  "Germination  of  Wheat  and  Oats  Treated  for 
Smut/'  The  work  as  planned  for  the  year  has  been  quite  fully 
carried  out.  We  have  continued  measurements  of  water  on 
the  station  farm,  and  in  co-operation  witb  the  Office  of  Ex- 
periment Stations  of  the  U.  S.  Department  of  Agriculture,  we 
measured  the  water  used  on  the  farms  of  Mr.  C.  W.  Webber 
and  Mr.  J.  W.  Sigman.  During  last  August  I  rated  the  Lara- 
mie river  with  all  its  tributaries  and  distributaries  from  Woods 
Landing,  where  the  river  flows  on  to  the  Laramie  plains,  to  a 
point  below  McGill's  ranch,  where  the  river  leaves  the  plains. 
This  work  was  done  under  the  auspices  of  the  U.  S.  Depart- 
ment, and  a  report  of  the  same  has  been  made  to  Prof.  El  wood 
^^ead. 

Enlargement  of  the  experiment  farm  enabled  us  to  inaugu- 
rate some  new  experiments  in  irrigation.  Eleven  acres  of  the 
new  land,  which  lies  just  south  of  the  original  forty-acre  plat. 
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was  set  aside  for  investigations  of  llie  amount  of  water  neces- 
sary to  produce  a  maximum  crop.  This  plat  lias  been  divided 
into  three  parts  and  different  amounts  of  water  applied  to  each. 
Oats  were  planted  the  first  year  after  the  sod  was  broken.  The 
results  of  the  first  year's  measurements  have  been  computed  and 
give  information  of  much  interest.     Durinff  tlie  year  I  com- 


pleted a  design  for  a  special  water  register  which  would  give 
larger  and  more  accurate  methods  of  our  water  measurements 
on  the  statiiin  farm.     One  of  these  registers  has  iK'cn  manu- 
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factured  for  us  by  W.  and  L.  E.  Gurley,  and  while  it  did  not 
arrive  in  time  for  the  first  irrigation  it  will  be  installed  for  other 
measurements  of  water  used  on  small  plats  on  the  farm.  This 
instrument  records  the  actual  depth  of  the  water  flowing  over 
the  weir  and  the  time  is  represented  on  a  scale  of  from  one- 
fourth  inch  to  one  inch  for  each  hour.  The  clock  which  turns 
the  cylinder  is  provided  with  the  ordinary  clock  face  and  hands. 
A  glance  will  satisfy  the  observer  that  the  position  of  the  pen 
on  the  record  sheet  corresponds  to  the  clock,  which  gives  a  dou- 
ble check  on  the  time.  An  upright  rod  from  the  float  is  supplied 
with  a  sliding  scale  which  can  be  set  at  the  zero  point  when  the 
water  reaches  the  height  of  the  base  of  the  weir,  and  the  posi- 
tion of  the  pen,  which  is  attached  to  the  cord  from  the  float,  is 
adjustable.  This  gives  a  double  check  on  the  position  of  the 
base  line  and  the  depth  of  the  water  flowing  over  the  weir. 
These  improvements,  along  with  the  increased  size  of  the  rec- 
ord, insure  that  accuracy  of  measurement  which  is  so  essential 
in  scientific  investigations.  The  accompanying  illustration 
gives  a  very  good  idea  of  this  special  purpose  register.  During 
the  year  we  also  purchased  one  of  the  Mead  water  registers^ 
and  three  other  instruments  were  loaned  the  station  from  the 
irrigation  investigation  section  of  the  Office  of  Experiment 
Stations.  A  Mead  nilometer  belonging  to  the  station  has  been 
loaned  for  the  co-operative  experiment  station  exhibit  at  the 
Paris  fair. 

The  alkali  investigations  have  been  continued  during  the 
year.  The  principal  field  work  along  this  line  has  been  the 
growth  of  economic  plants  on  alkali  soil.  The  Dwarf  Essex 
Rape  has  succeeded  admirably  on  strong  alkali  land.  This  plant 
is  rapidly  coming  into  favor  in  many  sections  of  the  coi^ntry  as 
a  stock  food,  principally  for  pasturing.  Mr.  Fairfield,  who  is 
assistant  in  this  department,  states  that  his  cow  made  regular 
daily  visits  to  that  part  of  the  farm  during  the  winter,  eating  the 
rape  as  long  as  any  of  it  was  above  ground.    The  effect  on  the 
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cream  and  butter,  however,  was  decidedly  unpleasant,  and  we 
would  not  recommend  the  plant  as  a  winter  pasture  for  milk 
cows.  In  the  laboratory  an  experiment  to  show  the  compara- 
tive effects  of  sodium  and  potassium  sulphates  and  chlorides  on 
seed  germination  and  plant  growth,  when  the  salts  were  present 
in  strengths  represented  by  equal  osmotic  pressures,  was  car- 
ried out.  A  report  of  this  experiment  will  be  found  at  the  end 
of  this  report,  published  as  "Alkali  Studies  V." 

The  permanent  soil  plat  work  has  been  continued  as  here- 
tofore and  in  addition  a  field  exi>eriment  on  "Alfalfa  as  a  Fer- 
tilizer," the  results  of  which  were  published  in  Bulletin  No.  44. 
Work  with  varieties  of  small  gfrains  was  also  continued.  We  be- 
lieve the  four  vears*  tests  which  have  been  carried  out  with 
small  grains  have  given  sufficient  data,  and  that  it  will  be  wise 
to  reduce  the  work  by  eliminating  all  but  the  most  promising 
varieties,  which  seem  worthy  of  larger  field  trials.  From  the 
records  Mr.  Fairfield  has  prepared  a  series  of  tables  which  give 
the  results  of  these  trials  of  the  varieties  of  wheat,  oats  and  bar- 
ley. These  tables  are  published  as  a  special  paper  in  connection 
with  this  report.  Some  of  the  Russian  grains  furnished  by  the 
Department  of  Agriculture  are  promising  for  this  region,  es- 
pecially two  varieties  of  oats,  which  gave  heavy  yields. 

The  work  with  forage  crops  is  resulting  in  data  of  much  in- 
terest and  importance.  A  report  has  been  made  to  the  Division 
of  Agrostology  on  the  varieties,  seed  of  which  were  furnished 
by  that  Division,  and  a  brief  account  of  the  co-operative  and 
other  work  has  been  prepared  for  this  report.  (See  "Experi- 
ments with  Forage  Plants.'') 

The  fertilizer  experiment  with  potatoes  was  continued  last 
season.  This  was  a  trial  with  potassium  chloride  and  sulphate, 
sodium  nitrate,  and  barnyard  manure  for  the  improvement  of 
the  potato  crop.  So  far  as  studied  the  results  are  negative. 
The  previous  year  the  salts  reduced  rather  than  increased  the 
crop  of  potatoes.    Without  more  favorable  results  from  future 
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trials  these  commercial  fertilizers  cannot  be  recommended  for 
potatoes  on  the  Laramie  plains. 

Some  hardy  fruits  have  been  planted  at  Laramie,  and  the 
work  with  celery,  and  pedigreeing  potatoes  has  been  cantinued 
in*a  small  way. 

A  few  insects  have  been  exchanged  during  the  year.  A 
special  experiment  with  varieties  of  wheat  at  Lander  and  Sheri- 
dan failed  at  both  places.  At  Sheridan  the  grains  were  doing 
well  when  destroyed  by  hail.  At  Lander  the  seed  was  held  in 
the  express  office  so  long  that  it  was  too  late  to  plant  it  when 
received  and  it  was  held  over  till  the  present  season. 

The  sub-station  farm  at  Lander  has  been  rented  to  Mrs. 
Carrie  B.  Meyer,  who  pays  a  small  cash  rental  and  agrees  to 
continue  the  experimental  work  with  fruits  as  well  as  special 
trials  of  varieties  of  wheat.  The  Sheridan  farm  has  been  leased 
for  one  year  to  Mr.  A.  E.  Baker,  who  also  pays  a  small  cash 
rental  and  carries  on  some  additional  experimental  work.  This 
year  Mr.  Baker  is  to  report  the  weather  observations,  keep  notes 
on  the  fruits  and  furnish  such  reports  of  the  same  as  may  be 
required. 

The  permanent  improvements  made  on  the  station  farm 
during  the  past  fiscal  year  have  been  as  follows :  The  general 
appearance  of  the  farm  has  been  greatly  improved  by  laying  out 
a  drive  past  the  principal  plats  and  connecting  the  new  part  of 
the  farm  with  the  old.  Some  combined  culverts  and  division  • 
gates  for  water  have  been  put  in  across  these  drives  and  addi- 
tional g^tes  for  water  have  been  constructed  for  other  places. 
which  improve  the  facilities  for  handling  irrigation  water.  A 
storm  kitchen  was  built  on  the  farm  cottage  at  a  cost  of  about 
$125.  Two  root  cellars  were  constructed,  one  in  connection 
with  the  fami  house  for  the  use  of  the  superintendent  and  a 
larger  one  for  potatoes,  at  a  total  cost  for  the  two  of  less  than 
$25  for  material.  The  well  on  the  farm  was  sunk  from  a  depth 
of  168  feet  to  a  total  depth  of  300  feet.    Caving  material  was 

-(6) 
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passed  through  at  a  depth  of  about  210  feet,  making  it  neces- 
sary to  case  the  well  before  drilling  could  be  continued.  A  sup- 
ply of  water  was  obtained,  but  not  yet  having  passed  through 
the  alkali  bearing  formations  (probably  Fort  Benton),  the  wa- 
ter is  unfit  for  use.  The  water  was  analyzed  by  Mr.  A.  H.  Dan- 
ielson,  assistant  in  this  department,  who  found  it  to  contain  a 
total  of  7.03  grams  salts  per  liter.  Of  this  amount  1.2  grams  is 
Na  CI  and  5.7  grams  NaoSO^.  One-half  mile  from  the  farm 
good  water  was  obtained  at  a  depth  of  less  than  200  feet.  It  is 
probable  we  can  obtain  a  good  supply  by  going  one  or  two  hun- 
dred feet  deeper  than  the  present  depth  of  the  well. 

A  tool  shed  32  feet  by  14  feet  in  which  to  store  implements 
was  built  next  to  the  shed  bam.  This  shed  should  be  improved 
by  battens  over  the  cracks  before  another  winter.  A  commo- 
dious barn  building  is  becoming  a  great  necessity  and  the  pres- 
ent scope  of  the  work  can  hardly  be  enlarged  until  some  provis- 
ion is  made  for  such  quarters.  The  permanent  improvement 
monev  which  can  be  used  from  the  Hatch  fund  is  so  small  in 

ml 

amount,  being  only  five  percent,  or  $750  each  year,  that  little 
can  be  done  with  it  toward  a  suitable  building,  and  it  seems  that 
it  will  be  necesary  for  the  legislature  to  make  an  appropriation 
for  a  stock  barn.  So  far  as  I  know,  Wyoming  is  the  only  state 
in  which  the  legislature  has  not  aided  its  experiment  station  in 
some  such  way.  The  live  stock  interests  are  paramount  in 
Wyoming  and  should  receive  their  share  of  attention  by  the 
station.  Before  investigation  in  animal  industry  can  be  taken 
up,  it  will  be  necesary  that  some  additional  equipment  be  pro- 
vided. Tf  Wyoming  is  to  keep  in  line  with  sister  states  she 
cannot  long  delay  making  such  provision.  Five  thousand  or 
ten  thousand  dollars  appropriated  by  the  legislature  would  erect 
a  suitable  stock  barn  and  provide  a  good  water  supply. 

The  general  equipment  has  been  increased  by  the  purchase 
of  the  water  register  mentiond  above ;  a  boat  which  can  be  used 
for  studies  of  seepage  and  studies  of  current  meters :    a  Price 
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current  meter  for  rating  streams;  a  new  6^  x  8j/4  Korona 
camera  with  Turner-Reich  convertible  lens;  a  Deering  horse 
rake  for  the  farm ;  hayfork  and  elevated  cable  for  stacking  al- 
falfa; New  Havana  press  drill:  alfalfa  plow;  team  and  har- 
ness. One  of  the  horses  purchased  for  the  farm  died  and  an- 
other horse  was  obtained.  Two  teams  have  been  kept  very 
busy  through  the  spring  months.  During  the  year  a  number  of 
new  books  on  agriculture,  horticulture  and  irrigation  have  been 
added,  and  our  department  collection  is  now  of  considerable  im- 
portance as  a  working  agricultural  library. 

The  work  in  this  department  has  been  actively  pursued 
during  the  year.  The  general  conditions  of  the  work  were  quite 
fully  stated  in  our  ninth  annual  report.  We  have  had  more 
and  better  help  than  ever  before.  Mr.  Fairfield  has  relieved 
me  of  the  details  of  the  farm  worjc  and  during  the  winter  has 
been  active  in  working  up  crop  areas  and  yields  and  transfer- 
ring the  day  notes  to  crop  record  books.  This  makes  them 
available  and  puts  them  into  permanent  form.  The  notes  and 
records  are'  more  nearly  brought  up  to  date  than  ever  before. 

Mr.  A.  H.  Danielson,  whose  services  were  secured  last 
year,  has  made  himself  almost  indispensable.  lie  has  ably  as- 
sisted with  much  of  the  work  of  this  department  and  has  given 
considerable  time  to  other  things  for  the  institution.  He  went 
into  the  field  during  the  early  part  of  last  season  to  assist  with 
the  irrigation.  The  new  farm  plats  and  ditches  have  been  sur- 
veyed and  platted  by  him.  Under  instruction  he  has  cared  for 
the  greenhouse  work  and  had  charge  of  the  alkali  investigations 
reported  as  "Alkali  Studies  V*  in  this  report.  He  has  computed 
the  measurements  of  water  and  ratings  made  in  the  seepage 
investigations:  has  done  much  typewriting  and  general  office 
work  and  relieved  me  of  the  larger  part  of  the  photograph 
work  which  has  been  done  in  the  office  for  the  station  and  to 
meet  other  demands. 

The  station  has  been  fortunate  in  retaining  the  services  of 
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sued  are  numbers  VIII  to  XII  of  the  series  in  the  Bulletin  of 
the  Torrey  Botanical  Club,  entitled  "New  Plants  from  Wyo- 
ming.'*  There  have  also  been  issued  during  the  year,  papers  as 
follows:  In  Erythea  (July),  "New  Species  in  Oreocarya  and 
Its  Allies;*'  in  Botanical  Gazette  (Aug.),  *'Some  Species  of  Te- 
traneuris  and  Its  Allies;''  (Dec),  *'Some  Rocky  Mountain 
Chyrsothamni ;"  (Feb.),  "A  New  Violet ;"  in  the  Plant  World 
(Mar.),  ''Popular  Ignorance  Concerning  Botany  and  Botan- 
ists: in  Asa  Gray  Bulletin  (April),  "Notes  Upon  the  Flora  of 
Yellowstone  Park." 

One  bulletin,  No.  42,  ''Some  Forage  Plants  for  Alkali 
Soils,"  has  been  issued  from  tliis  department. 

The  investigation  of  the  native  fungi,  which  has  had  some 
attention  for 'the  past  few  years,  has  resulted  in  the  accumula- 
tion of  a  collection  upon  which  may  be  based  a  preliminary  re- 
port. While  the  collection  is  far  from  complete,  it  gives  a  fair 
idea  of  what  parasitic  forms  flourish  under  the  climatic  condi- 
tions which  previal  in  this  state.  Believing  that  it  might  be  of 
interest,  the  other  Cryptogams  are  also  included  in  the  anno- 
tated list  which  is  published  as  part  of  the  tenth  annual  rei)ort 
of  the  experiment  station. 


REPORT  OF  THE  CHEMIST. 

Most  of  the  work  during  the  year  has  been  the  continua- 
tion of  the  study  of  the  effect  of  alkali  on  plant  life.  The  pre- 
vious experiments  showed  that  an  important  factor  in  the  re- 
tardation of  the  germination  of  seed  caused  by  alkali  was  the 
osmotic  pressure  of  the  solution  of  salts  in  the  soil,  and  the 
investigations  carried  on  this  year  proved  that  osmotic  pressure 
has  the  same  effect  on  growing  plants. 

A  number  of  analvses  of  soils  and  alkalies  were  made  dur- 
ing  the  year  and  a  series  of  analyses  of  the  water  of  the  Lara- 
mie river  was  made  for  the  Department  of  Agriculture  to  de- 
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termine  the  increase  in  alkali  content  and  accumulation  of  silt 
by  the  passage  of  the  river  through  the  Laramie  plains. 


REPORT  OF  THE  GEOLOGIST. 

During  the  past  four  summers  I  have  paid  special  atten- 
tion to  the  artesian  basins  in  Wyoming,  and  as  a  result  of  this 
work  I  have  finished  a  bulletin  entitled  **A  Preliminary  Report 
on  the  Artesian  Basins  of  Wyoming.  This  bulletin  comprises 
about  200  pages,  is  well  illustrated  and  is  also  accompanied  with 
a  geological  map.  The  map  not  only  portrays  the  geology  of 
the  state  but  also  gives  the  location  of  the  artesian  basins. 

In  adidtion  to  my  other  duties  I  have  spent  considerable 
time  in  studying  and  collecting  birds.  T  have  on  hand  at  the 
present  time,  ample  material  to  publish  a  bird  bulletin. 
Our  collection  numbers  between  400  and  500  skins.  I  have  se- 
cured all  of  the  publications  that  I  can  fr.i:l  rc!a:!ng  to  Wyoming 
birds  and  have  also  collected  all  other  valuable  data.  The  num- 
ber of  birds  knou*n  to  Wyoming  is  nearly  300  species.  The  bird 
bulletin  can  be  published  as  soon  as  ordered. 

The  work  on  the  origin  and  geological  occurrence  of  alkali 
in  Wyoming  has  received  some  attention ;  but  not  enough  data 
has  been  collected  to  warrant  the  publication  of  a  bulletin. 

For  a  number  of  vears  I  have  carried  on  the  studv  of  wind 
erosion  and  its  relation  to  soil  making.  These  data  have  been 
secured  while  doing  other  work  in  various  parts  of  the  state. 
I  hope  to  secure  sufficient  information  during  the  coming  sum- 
mer to  warrant  the  publication  of  a  bulletin  during  the  year 
1901. 

My  field  work  for  this  summer  will  include  the  study  of 
wind  erosion  and  its  relation  to  soil  making,  and  the  origin  of 
alkali  and  its  geological  occurrence. 
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REPORT  OF  THE  METEOROLOGIST  AND  PHYSICIST. 

Observations  in  the  Meteorological  Department  have  been 
taken  of  the  relative  humidity,  maximum  and  minimum  tem- 
peratures, pressure  of  the  air,  rainfall,  snowfall,  velocity  and 
direction  of  the  wind,  evaporation,  percentage  of  sunshine,  and 
temperature  of  the  soil  at  various  depths.  All  observations, 
except  amount  of  rainfall  and  snowfall,  are  taken  each  day  at 
7  a.  m.  and  7  p.  m. 

In  the  Department  of  Physics  the  following  are  some  of 
the  problems  which  are  being  investigated  as  rapidly  as  circum- 
stances will  permit: 

Movement  of  alkali  in  soils. 

Evaporation  of  moisture  from  the  surface  of  soils. 

Effects  of  mulching  the  soil  to  various  depths  on  the  evap- 
oration of  moisture. 

Study  of  terrestrial  radiation  and  sunshine. 

The  following  were  the  most  important  pieces  of  apparatus 
purchased  during  the  year:  Sixteen  galvanized  iron  tubes,  a 
portable  lantern  stand,  opaque  screen,  straight-line  diffraction 
grating,  focusing  lens,  parallel-beam  nozzle,  apparatus  for 
showing  Newton's  rings,  direct  compound  prism,  photochromo- 
scope,  polariscope,  model  of  pendulum  clock,  two  sets  of 
gramme  weights,  Barker's  mill,  labial  whistle  with  movable 
membrane,  refraction  apparatus,  Melonie's  apparatus,  thermo- 
pile, electroscope,  apparatus  for  electrolysis,  three  Crook's  tubes, 
manometer,  twelve  burettes,  fourteen  nests  of  beakers. 


Tmth  Annual  Report,  19<K). 


67 


Treasurer's  Report. 


UNIVERSITY  OF  WYOMING, 

AGRICULTURAL  EXPERIMENT  STATION, 

LARAMIE,  WYOMING, 

...  In  Account  With  .  .  . 

THE  UNITED  STATES  APPROPRIATION.   1899-1900. 

DR. 
To  receipts  from  the  Treasurer  of  the  United 
States  as  per  appropriation  for  fiscal  year 
ending  J4ine  30, 1900,  as  per  Act  of  Congress 
approved  March  2,  1887 $15,000.00 

CR. 

By  Salaries I  2,875.00 

Labor 5,032.76 

Publication 1,143.53 

Postage  and  stationery '  383.08 

Freight  and  express  .     316.81 

Heat,  light  and  water 932.02 

Chemical  supplies 423.58 

Seeds,  plants  and  sundry  supplies 592.57 

Feeding  stufTs 22.00 

Library 64.09 

Tools,  machinery  and  implements 363.17 

Furniture  and  fixtures 387.44 

Scientific  apparatus 485.58 

Live  stock 300.00 

Traveling  expenses 986.30 

Contingent  expenses 40.82 

Building  and  repairs 750.00 

T  

Total 115,000.00     115.000.00 

We,  the  undersigned,  duly  appointed  auditors  of  the  cor- 
poration, do  herehy  certify  that  we  have  examined  the  books 
and  accounts  of  the  University  of  Wyoming  Agricultural  Ex* 
(7)~     • 
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periment  Station  for  the  fiscal  year  ending  June  30,  1900;  that 
we  have  found  the  same  well  kept  and  classified  as  above,  and 
that  the  receipts  for  the  year  from  the  treasurer  of  the  United 
States  are  shown  to  have  been  $15,000  and  the  corresponding 
disbursements  $15,000;  for  all  of  which  proper  vouchers  are 
on  file  and  have  been  by  us  examined  and  found  correct,  thus 
.  leaving  no  balance  on  hand. 

And  we  further  certify  that  the  expenditures  have  been 
solely  for  the  purposes  set  forth  in  the  Act  of  Congress  ap- 
proved March  2,  1887. 

Signed :     S.  C.  Parks, 

Henry  L.  Stevens, 
[seal]  Auditors. 

SUPPLEMENTARY  STATEMENT. 

DR.  Farm 

To  receipts  from  other  sources  than  the  United     Products.      Total. 

States  for  the  year  ending  June  30,  1900 $340.35      1349.35 

CR. 

Traveling  expenses 17.71  17.71 

Buildings  and  repairs 322.64        322.64 

Total $340.35 
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-     SALT  SOLUTIONS  USED. 

The  salts  used  in  the  experiments  were  sodium  sul- 
phate and  sodium  chloride,  and  potassium  sulphate  and 
})otassium  chloride.  A  series  of  these  solutions  were  made 
which  had  the  same  osmotic  pressures.  Knowing  the  ef- 
fect produced  by  sodium  sulphate  in  previous  experiments, 
this  salt  was  taken  as  the  arbitrary  base,  using  it  in 
strengths  of  0.5  percent,  1.0  percent,  and  2.0  percent  so- 
lutions, which  are  common  conc^entrations  in  Wyoming 
alkali  soils.  These  percents  of  sodium  sulphate  in  solution 
gave  coiTespoi^ding  osmotic  pressures  of  2.03  atmospheres, 
3.80  atmospheres,  and  7.10  atmosphere^?.  The  following 
table  gives  the  precent  of  each  salt  used  to  produce  the 
same  osmotic  pressure  as  above: 

Table  1 — Osmotic  Pressure  and  percent  of  Sait. 


Osmotic  Pressure  in  Atmospheres. 


Naa  SO4. 
Ka  SO4 . 

NaCI..  . 
K  CI.  .   . 


2.03 

3.80 

percent 
0.50 
O.flT 
0.27 
O.SJ 

percent 
l.OO 
l.:i2 
0.51 
0.64 

7.10 


percent 

2.00 
2.51 
O.fi^ 
I.-i2 


GERMINATION  OF  SEEDS. 

Wheat  and  alfalfa  were  selected  as  one  cereal  and  one 
legume  to  germinate  in  the  above  solutions.  Granite  iron 
pie  plates  were  used,  in  each  of  which  was  placed  850  grams 
of  sand,  which  had  been  washed  free  from  soluble  salts. 
On  each  plate  was  placed  a  layer  of  sand  in  which  the  seeds 
were  embedded.  They  were  then  covered  with  pieces  of 
thin  cheese-cloth,  over  which  the  i*emaining  sand  was 
placed.*  This  enabled  the  upper  layer  of  sand  to  be  re- 
moved in  order  to  count  the  seeds  as  they  germinated.    To 

•A  careful  study  was  previously  made  of  the  effect  of  such  pieces  of  cheese-cloth  on  the 
movement  of  alkali  salt  through  the  sand.  Several  trials  in  which  alkali  solutions  were  added  to 
sand  which  was  separated  into  layers  by  the  thin  muslin  ;  allowed  to  stand  about  a  week  and  then 
analyzed,  showed  practically  no  difference  in  the  amount  oi  alkali  in  any  part  of  the  sand  above 
ro  below  the  dividing  layer  of  cloth. 
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each  of  the  plateB  so  arranged  was  added  150  c.  c.  of  solu- 
tion containing  the  salt  with  osmotic  pressures  of  about  2, 
4,  and  7  atmospheres  as  given  in  table  I.  The  sand  was 
dried,  so  the  solution  added  gave  15  percent  moisture  to 
each  plate.  As  it  is  the  salt  in  solution  .which  affects  the 
seed  or  plant,  there  would  be  no  dilution  by  the  sand,  i.  e.^ 
the  same  osmotic  pressure  of  salt  would  be  present  re- 
gardless of  the  amount  of  sand.  However,  the  evapora- 
tion of  the  water  from  the  plates  would  increase  the 
strength  of  the  salts  and  precautions  were  taken  to  jirevent 
this  so  far  as  iK)ssible.  They  were  placed  in  a  copper  ger- 
minating chamber,  which  was  kept  ( losed  except  during 
the  time  the  seeds  were  being  counted.  Each  plate  was 
weighed  after  adding  the  solutions  and  distilled  water 
added  each  day  to  replace  that  which  had  evaporated.  One 
hundred  seeds  each  of  wheat  and  alfalfa  were  planted  in 
each  plate  on  March  28,  between  3  and  4:80  o'clock  p.  m. 
The  first  counting  of  the  germinated  see<ls  was  made  48 
hours  after  they  were  planted.  Table  II  gives  the  result 
with  wheat  and  Table  III  with  alfalfa  seed.  The  first  col- 
umn gives  the  number  of  hours  from  the  time  of  planting. 
The  other  columns  give  the  number  of  seeds  germinated  in 
the  different  strength  solutions  of  each  salt. 

A  study  of  the  tables  shows  that  the  retarding  effect 
of  the  salts  on  germination  of  wheat  and  alfalfa  is  almost 
identical  in  each  series  of  salt  solutions.  There  are  only 
slight  variations,  such  as  might  be  expected  in  any  two  or 
more  sets  of  seeds  germinating  under  conditions  which  are 
practically  the  same.  There  is  a  remarkably  regular  de- 
crease in  the  germination  of  the  seeds  as  the  osmotic  pres- 
sure increases,  but  there  is  no  apparent  difference  between 
the  effect  of  sodium  and  potassium  nor  between  sulphates 
and  chlorides  either  of  the  same  or  of  different  salts.  This 
strengthens   the   conclusion    reached    in    previous    experi- 
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iiieuts,  so  far  an  seed  germination  is  concerned,  that  the 
retarding  effect  is  due  to  the  osmotic  pressure  of  a  salt 
rather  than  to  the  kind  of  salt.  The  strongest  solution  of 
potassium  chloride  apparently  retarded  the  germination  of 
both  wheat  and  alfalfa  seed  less  than  the  same  strength  of 
the  other  salts  used,  but  the  difference  is  only  slight  and 
can  not  be  taken  as  conclusive  evidence  that  this  salt  does 
not  produce  the  same  general  effect. 

Table  II — Germination  of  Wheat. 

Percent  of  seed  germinated. 


Salt 


Pressure  in  atmospheres. 


4s. 

72. 

96. 
130. 
144. 
168. 
209. 
2lU». 


irs 


None 
HaO 


00 


94 
98 
99 


Na2S04 


NaCl 


KaSOA 


2.03 


91 
93 

98 


3.80 


81 
93 
IK) 


7.10  2.03 


44      91 

90      99 
94    100 


97  I  95 

I  96 

98 


3.80 


89 
92 
93 
95 
97 


7.10  2.03 


43 

87 
95 
96 


KCI 


3.80  7.10  2.08;3.K>T.  10 


.89      84 
96  1  94 


25 

88 


91 
94 


86 
89 


96 

96 

94 

96 

91 

97 

97 

96 

97 

1»2 
94 

95 
97 

98 


Table  III. — Germination  of  Alfalfa. 

Percent  ot  seed  germinated. 


Salt 

None, 
waier 

0.0 

NaaSO* 

] 

N'aCl 

1      K,  SO*              K  CI 

PresMue.  atmospheres.  .    . 

2.0;i3.80 

7.10 

2.03 

] 

3.80 

75 

94 
98 

7.10 

14 
74 

2.0;)  3.80 

79     66 
94      {f.\ 

7.10  2.03 

1 

12      88 

88      96 

3.80 

78 
91 

7.10 

Hours 

48 

?2 

86 
98 

7(J 
88 
9(i 
97 

:h6 

89 
97 
J)8 
99 

''87 
28    ,  94 
75      97 
81 
91 
94 
96 

m 

120 

99  '    97 
100 

97 

96    .  98     97 

99 
97 

1 

144 

168 

2<W> 

260 

1 
1 

1 

As  in  the  experiments  previously  published,  the  effect 
of  salts  in  solution  is  to  retard  the  time  of  germination. 
The  ]»ercentage  of  seeds  finally  germinated  in  the  salt  solu* 
tioiis  is  as  great  as  in  pure  water.  The  retardation  of  some 
five  or  six  days  may  api>ear  of  no  practical  importance,  but 
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the  growing  season  is  so  short  at  high  altitudes  that  even 
a  few  da^'s  may  make  the  difference  between  a  crop  and  a 
failure. 

OROWTH   OF   WHEAT  AND   ALFALFA   IN   SODIUM 

AND  POTASSIUM  SALTS  OF  THE  SAME 

OSMOTIC  PRESSURE. 

The  same  solutions  were  used  as  in  the  germinating 
test  reported  above.  The  plants  were  grown  in  clean  river 
sand  free  from  soluble  salts  and  enough  solution  added  to 
make  fifteen  percent  moisture  present.  When  saturated, 
this  sand  held  eighteen  percent  water.  The  sand  was  anal- 
yzed for  potash  and  found  to  contain  3.566  precent  KjO, 
none  of  which  is  supposed  to  be  available  to  plants. 

POTS. — Previous  attempts  had  demonstrated  that  it 
was  not  feasible  to  use  alkali  salts  in  porous  pots,  as  the 
evaporation  of  water  left  the  pots  incrusted  with  salts, 
which  left  unknown  quantities  of  salts  in  the  soil.*  Plants 
are  not  apt  to  succeed  well  if  grown  in  pots  which  have 
no  drainage  or  ventilation.  Inquiries  were  made  of  Prof. 
H.  J.  Wheeler  of  Rhode  Island,  who  has  made  a  study  of 
the  kinds  of  pots  best  to  use  for  seed  experiments,  and  we 
adopted  his  suggestion  except  that  we  used  glazed  earth- 
enware pots  instead  of  iron  ones.  Having  made  some  tri- 
als, it  was  found  that  the  salts  used  would  have  no 
appreciable  effect  on  the  glazing  of  the  jars. 

The  suggestion  by  Prof.  Wheeler,  of  method  of  venti- 
lating the  pots,  was  a  good  one.  Pieces  of  stove-pipe  iron 
were  bent  into  half  cylinders,  and  cut  into  lengths  which 
would  fit  across  the  bottom  of  the  jars.  These  irons  were 
launched  full  of  small  holes,  to  provide  drainage  from  the 
sand  into  them,  and  at  each  end  a  larger  hole  was  made  in 
tlie   top,  over  which  half  inch  glass  tubes  were  placed. 

♦Se«  photograph  on  p.  32  of  Alfalfa  Studies  III,  Ninth  An.  Report. 
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These  tubes  extended  up  through  the  sand,  and  one  of  them 
was  Ave  or  six  inches  longer  than  the  other,  so  it  acted 
like  a  chimney,  producing  a  draft  of  air  down  the  short 
tube  and  out  the  longer  one,  removing  any  surplus  moist- 
ure collecting  in  the  cavity  produced  by  the  iron  half-cvlin- 
der  at  the  bottom.  That  they  were  operating  as  they 
should  could  be  seen  at  a  glance  in  the  mornings,  as  drops 
of  condensed  moisture  would  collect  in  the  top  of  the  longer 
tube,  while  the  shorter  one  was  always  dry.  As  the  water 
passed  out  in  the  form  of  vapor,  all  the  salt  was  left  in  the 
pots.  Each  pot  with  its  sand  and  solution  was  weighed  and 
at  intervals  distilled  water  was  added  to  take  the  place  of 
that  lost  by  evaporation  from  the  air  drainage,  surfat*  •  of 
the  i)ots  and  transpiration  by  the  plants. 

NUTRITIVE  SOLrTIONS.— After  studying  the  nu- 
tritive solutions  given  by  botanical  authorities,  the  follow- 
ing combinations  were  used: 

NO.  1  NO.  2. 

For  the  Sodium  salts.  For  the  Potash  salts. 

KNO,   l.Og     Na  NO, 0.8g 

Ca   (NO,)^ 0.5       Ca(N0,)2 0.5 

Mg  SO4 0.6       Mg  SO4 0.5 

Bone  Meal 2.0       Bone  Meal 2.0 

In  No.  2  less  of  the  sodium  nitrate  was  used  thaa  of 
the  potassium  nitrate  in  No.  1,  because  the  sodium  nitrate 
has  a  greater  osmotic  pressure  and  the  attempt  was  made 
to  make  them  of  as  nearly  the  same  pressure  as  possible. 
Instead  of  calcium  phosphate  or  acid  potassium  phosphate, 
2  grams  of  raw  bone  meal  was  used  in  each  solution,  as  the 
bone  meal  contained  the  phosphates  and  a  small  amount  of 
organic  nitrogen  as  well. 

The  above  amounts  of  nutritive  salts  were  added  to 
the  five  kilograms  of  sand  in  each  of  the  pots.  To  the  nu- 
tritive solution  was  added  the  percents  of  salts  which  would 
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FIO.  1.    Wheat,  fn  alkali  eolutloae,  June  10,  1900. 


no.  2.    Alfalfa.  In  alkali  solutions.  June  10.  1900. 
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produce  the  different  osmotic  pressures,  so  the  pressure  was 
increased  above  the  computed  amount  by  the  pressure  of 
the  nutritive  salts  added,  but  the  increase  of  pressure  due 
to  the  nutritive  solution  is  too  small  to  take  into  considera- 
tion. Enough  of  the  combined  solution  was  made  up  for 
each  pot  to  give  fifteen  percent  moisture.  Two  check  pots 
were  supplied  with  nutritive  solution  and  water  only  and 
one  was  given  double  the  amount  of  nutritive  solution  as 
an  indication  of  whether  the  right  amount  of  nutrition  was 
supplied.  About  fifteen  seeds  of  wheat  were  planted  in 
each  of  one  series  of  pots  and  twice  as  many  seeds  of  alfal- 
fa in  the  other  series,  wiiich  contained  the  same  strengths 
of  the  salts  being  studied.  The  seeds  were  planted  March 
22,  between  *A  and  4  o'clock  p.  m. 

In  the  pots  which  contained  double  the  amount  of  nu- 
tritive solution  the  wheat  and  alfalfa  were  allowed  to  grow 
together.  This  is  the  pot  not  numbered  shown  on  the  left 
and  at  the  bottom  of  Figs.  1  and  2,  Plate  I.  The  plants 
grew  no  better  than  those  which  had  only  the  single 
strength  of  nutritive  salts.  See  pots  No.  25  and  No.  26  in 
the  same  illustration.*  On  April  7,  after  the  plants  came 
up  and  had  developed  the  first  two  leaves,  the  weaker  ones 
\%ere  pulled  out,  leaving  only  six  plants  in  each  pot.  In 
one  or  two  instances  a  seed  which  was  slow  in  coming  up 
developed  later,  which  accounts  for  seven  stools  in  some 
of  the  pots  at  the  time  they  were  harvested. 

Tlie  illustrations.  Plates  II  to  VI,  show  the  compara- 
tive growth  of  the  plants  at  the  time  they  were  harvested 
on  June  25.  Tables  IV  and  V  give  the  numbers  of  the 
pots,  the  corresponding  osmotic  pressures  in  atmospheres, 
and  comparative  notes  on  grow^th,  and  weight  of  plants  har- 
vested, both  green  and  dry  matter,  and  Table  VI  gives  the 
sulphates  and  chlorides  taken  up  by  the  plants  in  each  case. 

^Photograph  from  which  Plate  I  was  made  was  taken  June  10. 
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From  the  standpoint  of  the  modern  theory  of  solutions, 
however,  the  whole  question  of  the  action  of  fertilizers 
must  be  restudied  both  experimentally  and  theoretically. 
We  now  know  that  the  absorption  and  movement  of  food 
material  in  the  plant  is  largely  controlled  by  osmotic 
pressure  and  that  some  of  the  cell  walls  act  like  semi-per- 
meable membranes  permitting  the  free  passage  of  water 
but  preventing  or  hindering  the  passage  of  salts  and  other 
matter  in  solution.  A  substance  dissolved  in  water  acts 
just  like  a  gas.  It  tends  to  expand,  that  ig,  to  increase  the 
space  it  occupies.  This  may  be  done  in  two  ways.  If  noth- 
ing prevents  ,  the  substance  in  solution  spreads  through 
the  whole  liquid  until  it  is  evenly  diiTused.  If  a  semi-per- 
meable membrane  prevents  the  passage  of  the  dissolved 
substance  through  all  the  water,  it  may  still  expand  if  wa- 
ter can  be  drawn  through  the  membrane,  thus  enlarging 
the  space  which  it  can  occupy.  If  this  is  prevented  a  press- 
ure on  the  membrane  results,  the  osmotic  pressure,  which 
is  identical  in  nature  and  amount  with  gas  pressure.  Solu- 
tions always  tend  toward  homogenety,  either  by  the  dis- 
solved substance  passing  from  parts  of  greater  concentra- 
tion to  those  of  less  or  by  the  solvent  moving  in  the  reverse 
direction. 

In  the  previous  experiments  of  this  series  it  was  shown 
that  the  absorption  of  water  by  seeds  was  hindered  by  the 
osmotic  pressure  of  the  solutions  in  which  the  seeds  were 
pla<ed,  that  various  salts  and  sugar  in  widely  different 
amounts  produ(*e  the  same  effect  if  their  osmotic  pressure 
was  the  same  and  that  seeds  in  which  the  power  of  ger- 
mination had  been  destroyed  and  even  wood  were  affected 
in  the  same  way  as  living  seeds.  The  present  experim^  nts 
extend  the  study  to  germination  and  the  growing  plant, 
and  it  appears  that  the  osmotic  pressure  of  the  solution  in 
which  the  plant  is  placed  tends  to  prevent  its  growth  by 
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liindering  the  absorption  of  water.  This  efifeet  is  so  great 
as  to  entirely  overshadow  the  nutritive  action  of  the  dif- 
ferent  Halts  and  excess  of  potash  salts  is  shown  to  be  quite 
as  bad  as  excess  of  sodium  salts. 

As  the  experiment  had  a  practical  aim,  the  study  of 
plant  growth  in  the  arid  regions,  the  conditions  were  chosen 
to  imitate  those  found  in  nature  and  are  not  such  as  would 
otherwise  have  been  selected  in  a  purely  scientific  study  in 
plant  physiology.  In  the  soils  of  the  arid  region  we  have, 
as  we  have  in  these  pot  experiments,  a  nutritive  solution 
containing  all  the  necessary  plant  foods  but  accompanied 
with  a  large  excess  of  some  particular  salt,  usually  sodium 
sulphate,  magnesium  sulphate  or  sodium  chloride.  From 
the  results  given  in  the  tables  and  illustrations  it  appears 
that  the  effect  of  a  large  excess  of  any  salt  in  the  soil  is  to 
hinder  the  growth  of  plants  and  that  the  osmotic  pressure 
of  the  solution  is  an  important  factor  in  producing  this  re- 
sult. It  is  not  to  be  supposed  that  the  effect  is  a  simple 
one.  On  the  contrary,  the  presence  of  a  large  excesR  of 
some  salt  must  not  only  increase  the  obmotic  pressure,  but 
also  change  the  conditions  of  assimilation  of  plant  food  in 
many  ways  and  disarrange  the  nutritive  system  of  the 
plant. 

ABSORPTION  OF  SALTS  FROM  SOLUTIONS. 

In  order  to  determine  in  how  far  the  salts  In  excess 
were  absorbed  by  the  plants,  they  were  analyzed  for  chlo- 
rides or  sulphates  and  the  results  are  given  in  Table  VI. 
It  will  be  seen  that  in  the  case  of  both  sulphates  a  greater 
amount  of  the  salt  was  taken  up  by  the  plant  the  more  con« 
centrated  the  solution.  In  the  case  of  the  chlorides,  on  the 
contrary,  the  normal  amount  in  the  plant  was  not  Increased 
but  actuallv  diminished  bv  the  increase  in  the  concentration 
of  the  solution.    In  the  previous  experiments  on  the  absorp- 
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tion  of  salts  by  seeds  no  such  difference  between  sulphates 
and  chlorides  was  found  and  it  is  perhaps  due  to  the  fact 
that  sulphur  is  of  more  importance  as  a  plant  food  than 
chlorine. 

Table  VI. — Sa//s  absorbed  by  plants. 


No. 

Plant 

Salt 

Percentage 

Osmotic 
pressure, 
atmos- 
pheres 

Percentage  of  salt  in  ihe 
air-dried  plant 

28. 

4. 

5. 

6. 
10. 
11  . 
12. 
16. 
17. 
18. 
22. 
%\. 
24. 

Alfalfa 

Sodium  sulphate.   .   . 
If            <« 

•  •      • 
■       •      • 

Potassium  sulphate   . 
••               •• 

li               .( 

Sodium  chloride  .   .    . 

•   •   • 

•  a        • 

Potassium  chloride.  . 
<•               >. 

••               << 

•       •       ■       ■ 

.50 
1.00 
2.00 

.67 

i.;i2 

2.51 

.27 
.51 
.97 

.3;^ 

.64 
1.22 

2.03 
3.80 
7.10 

2.o:i 

3.80 
7.10 

2.o:i 

3.80 
7.10 
2.03 
3.80 
7.10 

1 .49  sodium  sulphate 
1  .67  potas.sium  sulphate 
1.49  sodium  sulphate 

2.:« 

5.20 

2.57  potassium  sulphate 

3.47 

5.07 

.41  sodium  chloride 

.19 

.10 

.28  potassium  chloride 

.26 

.13 

25. 

1  . 

2. 

3. 

7. 

8. 

9. 
13. 
14. 
15. 
19. 

20  . 

21  . 

W 

heat.  . 

Sodium  sulphate.    .   . 
ft            •< 

«.           <« 

•       •      • 

Potassium  sulphate   . 
<«                << 

(<                >< 

Sodium  chloride  ,    .    . 
•<            >< 

<<            << 

«    .    • 

Potassium  chloride.  . 
■<                 <  • 

<>                 <t 

■      •      •      • 

.50 

1.00 

2.00 

.67 

1.32 

2.51 

.27 

.51 

.07 

.33 

.64 

1        1.22 

•       •       •      • 

2.03 
3.80 
7.10 

2.aj 

3.80 
7.10 
2.03 
3.80 
7.10 
2.o:j 

3.?H) 
7.10 

j    .83  sodium  sulphate 
\  1.14  potassium  sulphate 
.80  sodium  sulphate 
1.90 
2.24 

2 .  16  potassium  sulphate 
3.30 
14.97 

3.14  sodium  chloride 
2.20 
.80 
2.12  potassium  chloride 
1.80 
1.71 

In  Nos.  25  and  26,  plants  grown  in  nutritive  solution  alone,  the  sulphuric  acid  actually  de- 
termined is  calculated  both  as  i>oiassium  and  sodium  sulphates  for  comparison. 

EVAPORATION  OF  WATER  FROM  THE  SALT  SOLU- 
TIONS AND  PLANTS  GROWING  THEREIN. 

Table  VII  gives  the  amount  of  water  added  to  each  pot 
to  take  the  place  of  that  lost  by  evaporation  and  bring  it 
back  to  the  initial  weight,  which  was  carefully  determined 
at  the  beginning  of  the  experiment.  The  amount  is  given 
in  grams,  each  date  water  was  added,  the  average  amount 
evaporated  each  day  being  shown  in  the  last  column.    The 
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increase  in  the  evaporation  during  June  is  due  to  the  in- 
creased amount  of  water  thrown  oif  by  the  plants  a3  they 
grew  larger  in  size.  The  wheat  produced  more  weight  of 
plant  in  the  nutritive  solution  alone  than  in  any  of  the  salt 
solutions  and  in  every  car^e  less  water  was  lost  by  evapora- 
tion and  transpiration  in  the  salt  solutions.  On  the  other 
hand,  the  alfalfa  produced  more  weight  of  plant  in  the 
weaker  salt  solutions  and  more  water  was  lost  from  these 
solutions  than  from  the  nutritive  solution  alone.  With  the 
exception  of  the  wheat  in  K  CI  solutions,  there  Is  quite  a 
regular  decrease  in  the  amount  of  water  evaporated  as  the 
l;ressure  of  the  salt  increased.  This  is  due  both  to  the 
difference  in  the  size  of  the  plants  produced  and  to  tho  in- 
crease in  pressure.  Averaging  the  amounts  of  water  added 
to  each  pot  up  to. and  including  April  11,  while  the  plants 
were  small  and  before  there  was  marked  difference  in  them 
as  they  grew  in  the  several  pots,  gives  no  results  from 
which  conclusions  can  be  drawn.  In  general  there  was 
greater  evaporation  from  the  check  pots  than  from  those 
containing  salts.  The  loss  of  water  by  evaporation  would 
increase  the  osmotic  pressure  of  the  solution  remaining,  so 
the  mean  strength  of  each  solution  for  the  entire  experi- 
ment is  somewhat  greater  than  the  indicated  concentration 
of  the  solutions  used. 
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THE  BI8TBIBUTI0N  OF  ALKALI  IN  THE  SOIL  OF  THE 

EXPERIMENT  FABM. 


E.    E.    SLOSSON. 


The  most  difficult  problem  of  the  arid  region  is  to  irri- 
gate without  bringing  out  the  alkali.  In  many  places,  even 
where  the  natural  negation  shows  that  there  is  no  excess  of 
alkali  on  the  surface,  yet  there  are  beds  of  it  several  feet 
below,  and  when  such  soil  is  irrigated  it  becomes  saturaited 
with  water  and  the  alkali  rises  to  the  surface,  where  it  is 
left  on  the  evaporation  of  the  water  as  a  white  crust.  An 
injurious  accumulation  of  salts  on  the  surface  may  also 
occur  through  improper  irrigation  in  cases  where  the  total 
amount  of  soluble  salts  is  not  excessive  and  would  be  bene- 
ficial instead  of  hannful  ^f  properly  distributed. 

The  movement  of  alkali  in  the  soil  under  different 
methods  of  irrigation  has  been  an  especial  subject  of  study 
on  the  Laramie  experiment  farm  from  the  beginning.  An- 
alyses of  the  virgin  soil  have  been  made  and  the  amount  and 
composition  of  all  the  water  used  in  irrigating  is  known  and 
a  rec*ord  has  been  kept  of  all  the  crops  harvested. 

In  continuation  of  this  work  a  number  of  alkali  deter- 
minations on  different  parts  of  the  experiment  farm  have 
been  made  and  some  of  them  are  here  reported  in  order  to 
put  them  on  record  for  future  reference.  The  alkali  on  the 
Laramie  Plains  is  of  the  variety  known  as  "White  Alkali/'^ 
consisting  mostly  of  sodium  sulphate  (glauber  salts),  with 
a  smalller  amount  of  sodium  chloride  (common  salt). 

No  uniform  method  of  analyzing  soils  for  soluble  salts 
has  been  adopted,  so  there  is  a  great  variety  of  processes  and 
ways  of  reporting  in  use  and  it  is  often  impossible  to  com- 
pare the  results  of  different  chemists.  The  chief  difference  is 
in  the  calcium  sulphate  or  gypsum.  In  alraos-t  all  Wyoming 
soils  this  is  present  in  abundance,  and  if  the  soluble  salts 
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are  exti-acted  by  leaching^  a  large  and  variable  quantity  of 
calcium  sulphate  is  obtained.  If  the  simpler  process  of 
shaking  the  soil  with  a  known  amount  of  water  and  taking 
an  aliquot  part  of  the  supernatant  solution  for  analysis  is 
adopted  the  amount  of  gypsum  obtained  depends  on  the 
quantity  of  water  and  soil  used.  If  a  complete  analysis  is 
to  be  made  the  calcium  sulphate  is  determined  and  can  be 
subtracted,  but  it  is  often  desirable  to  run  a  large  number 
of  samples  for  total  alkali  alone.  In  these  tests  a  simple 
method  was  used  which  seems  to  meet  the  diflftculty.  lOOg. 
of  soil  was  put  into  a  glass-stoppered  bottle  with  200  cc.  of 
distilled  water  and  left  for  several  days  with  o<!ca^onal 
shaking.  When  it  is  settled  a  convenient  quantity  is  drawn 
off  with  a  pipette  and  without  filtering  evaporated  to  dry- 
ness and  heated  at  a  temperature  above  250°C.  for  two  or 
Three  hours.  By  this  heating  the  gypsum  becomes  dehy- 
drated and  almost  insoluble,  so  all  that  is  necessary  is  to 
extract  with  a  small  amount  of  water,  filter  and  evaporate 
in  a  platinum  dish  for  total  alkali  and  titrate  for  chlorides. 
For  dehvdration  a  small  round  air-bath  was  made  of  Russia 
iron  covered  with  asbestos  and  containing  a.  rack  for  hold- 
ing six  smaller  porcelain  evaporating  dishes.  A  number  of 
experiments  made  with  this  method  showed  that  it  reduced 
the  amount  of  soluble  salts  by  about  60  percent,  while  chlo 
rides  remained  the  same  and  different  amounts  of  water 
co\ild  be  used  without  affecting  the  results. 

Plats  Nos.  19  and  20  were  set  apart  for  permanent 
ex])eriments  on  the  effect  of  rotation  of  crop®  on  the  com- 
position of  the  soil.  On  No.  19  different  crops  will  be  grown 
in  rotation  and  on  No.  20  a  single  crop  will  be  grown  con- 
tinuously for  a  number  of  years.  The  samples  were  taken 
June  19,  189f>.  No.  19  wae  virgin  soil;  No.  20  had  been  in 
crop  one  year. 

Plats  A,  B  and  C  were  added  to  the  farm  June  24,  1899, 
for  permanent  irrigation   experiments,   and   the  samples 
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were  taken  then.  Thej  were  virgin  soil  and  had  never  been 
irrigated.  Plat  A  is  to  be  irrigated  with  the  minimum 
amount  of  water,  Plat  B  will  be  given  a  medium  quantity. 
while  Plat  C  will  be  irrigated  frequently  and  abundantly. 
The  aim  of  the  experiment  is  to  determine  the  most  advan- 
tageous duty  of  water,  and  as  the  amount  of  water  used 
in  irrigation  has  so  important  an  effect  on  the  accumula- 
tion of  salts  in  the  soil  it  was  thought  necessary  to  deter- 
mine their  distribution  at  the  beginning  of  the  experiment. 
There  is  no  general  rule  to  be  deduced  from  these 
anah-ses  except  that  the  amount  of  salts  gradually  in 
creases  as  we  go  down.  The  individual  variation  in  samples 
is  surprisingly  large.  Sample  Ko.  29,  for  example,  has  four 
times  as  much  alkali  as  the  average  of  its  neighbors.  All 
unusual  results  were  duplicated.  Plats  A,  B  and  0  were 
supposed  to  be  the  «ame  soil,  but  they  contain  in  the  first 
three  feet,  respectively,  4531,  1463  and  2886  pounds  per  acre 
of  alkali  salts. 

Distribution  of  Alkali  on  the  Experiment  Farm. 
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Disiribuiion  of  Alkali  on  the  Experiment  Farm, — (Continued). 
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Water  Measurements. 


BY    B.  C.  BUFFUM. 


The  water  measurements  made  by  the  Station  in  1891 
and  1892  were  reported  in  Bulletin  No.  8.  As  this  bulletin 
is  out  of  print,  the  table  of  duties  there  reported  is  given 
below.  Since  1892  measurements  of  the  water  used  on  the 
Station  farm  at  Laramie  have  been  made  each  year,  and  a 
series  of  measurements  were  made  at  Wheatland  in 
1893.  The  measurements  at  Laramie  in  1893  were  of  no 
value,  as  all  crops  failed  that  season,  and  in  1894  the  record 
was  incomplete  and  not  suftiei(  ntly  atcui  ate  for  publication. 
Since  1894,  however,  a  large  number  of  determinations  of 
duty  have  been  made.  With  the  exception  of  some  measure- 
ments in  1899  made  in  cooperation  with  Professor  Elwood 
Mead  of  the  Office  of  Experiment  Stations,  the  duties  so  far 
determined  are  reported  in  the  following  tables: 


*AI1  the  measurementt  of  water  up  to  the  close  of  the  season  of  1^98  have  been 
reported  in  Bulletin  No.  H\  of  the  Office  of  Experiment  Stations  of  the  U.  S.  Department 
of  Agriculture,  entitled  "The  Ujte  of  Water  in  Irrigation  in  Wyoming  and  its  Relation  to  the 
Ownership  and  Distribution  of  the  Natural  Supply.  The  tables  on  duty  given  in  this  paper  are 
the  same  as  those  used  in  that  bulletin  with  tne  addition  of  report  on  the  fintt  year's  measure- 
ment to  »how  amount  of  water  necessary  to  produce  a  maximum  crop  in  1K90  and  amount  of 
water  used  in  a  sub-irrigation  system  at  Laramie,  along  with  the  measurements  for  1899  by  the 
Station.  The  co-operative  measurements  for  1891*  have  been  reported  to  Professor  Mead  of  the 
Office  of  Experiment  Stations. 
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Water  Measurements.  11 

SUB  IRRIGATION. 

Two  systems  of  sub-irrigation  have  been  under  obser- 
vation for  a  number  of  years.  One  of  these  consists  of  an 
iron  pipe  two  inches  in  diameter  and  900  feet  long,  used  on 
the  campus  for  irrigating  trees.*  This  pipe  has  given  very 
satisfactory  results,  but  it  has  not  been  practicable  to  meas- 
ure the  amount  of  water  used  in  it.  The  other  system  con- 
sists of  one-half  acre  on  the  Experiment  Farm  which  is  un- 
derlaid with  porous  tile.  Lines  of  four-inch  tile  are  placed 
eighteen  inches  deep  and  at  distances  of  twenty  feet  apart. 
These  lines  of  pipe  join  six-inch  mains  extending  around 
the  plat,  which  serve  as  feed  and  drain  pipes.  The  system 
was  established  in  the  spring  of  1895  and  that  season  the 
land  was  planted  to  varieties  of  small  fruits.  These  failed 
to  grow  and  since  1895  the  plat  has  produced  other  crops  in 
rotation — turnips,  oats,  potatoes,  and  wheat.  Previous  to 
last  season  the  measuring  of  water  used  in  sub-irrigating 
this  plat  was  neglected.  Last  season  a  series  of  careful 
measurements  were  made  to  show  how  much  water  was 
used.  It  should  be  stated  that  the  soil  is  a  sandy  loam,mixed 
with  gypsum,  which  gives  it  a  sticky,  clay-like  consistency, 
with  gypsum  and  lime  subsoil  at  about  the  depth  the  tile  is 
laid.  Water  does  not  pass  through  this  soil  readily  and  the 
pipes  are  too  far  apart,  so  the  crop  midway  between  the 
lines  of  pipe  does  not  receive  enough  water.  This  is  very 
apparent  when  grain  is  grown  on  the  plat,  as  it  makes  tall, 
thrifty  growth  over  the  pipes  and  short  growth  between, 
giving  the  plant  a  wave-like  aspect,  like  the  surface  of  a 
washboard  or  the  smooth  swells  of  an  unruffled  sea.  Last 
season  the  plat  was  planted  to  wheat,  which  was  irrigated 
by  letting  water  run  into  the  pipes  at  night,  keeping  careful 
records  of  the  time  and  depth  with  a  water  register.  A  very 
email  head  was  used,  the  water  flowing  over  an  eighteen- 

•For  description  see  Wyo.  Sta.  Bui.  No.  8,  p.  2U. 
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inch  weir  with  an  average  depth  of  a  little  more  than  one 
half  inch.    The  measurement,  as  reported  below,  is  approx- 
imately correct.    The  area  of  the  plat  was  0.465  acre. 
Table  Vlll—Du^y  of  Water.--- Wheat  Sub  irrigated,  i8gg. 


Water  received  by 
•ub-irrigation. 


Quantity. 


cu6ic/i. 
02546 


Depth  on 
snr&ce. 


3.091 


3.51 


Duty  of  1  second  foot 
lor  season. 


Four 
months 


Ninety-five 
days. 


acres. 
79.1 


acres. 
ttl.2 


Yield  per  acre. 


Straw  tuid 
Grain 


Yield.  Grain. 


I6s. 
3873 


962* 


*Blackbiids  took  much  of  the  grain  before  it  was  threshed. 

Irrigation  began  June  29  and  ended  August  2nd.  We 
have  long  known  that  the  value  of  land  in  Wyoming  is  not 
yet  sufficiently  great  to  merit  the  first  expense  of  establish- 
ing such  systems  of  sub-irrigation.  Our  results  with  this 
plat  do  not  indicate  that  extraordinary  crops  are  produced 
by  this  method  of  applying  water,  or  that  it  is  economical 
from  the  standpoint  of  the  amount  of  water  required  to 
produce  a  crop.  More  water  was  used  on  the  sub-irrigated 
land  last  season  than  on  any  other  plat  on  the  farm  except 
one  small  field  of  alfalfa. 


A  MOT  NT  OF  WATER  NEt^ESSARY  TO  PRODFC  E  A 

MAXIMI'M  <^ROP. 

All  our  deteniiinations  of  duty  have  been  compared 
with  crop  production,  but  no  experiments  were  carried  out 
to  determine  the  amount  of  water  most  favorable  to  crops, 
or  the  amount  necessary  to  produce  a  maximum  yield  until 
last  year.  About  eleven  acres  of  the  new  land  which  was 
plantt^d  to  oats  was  divided  into  three  plats,  marked  A,  B, 
and  C.  The  plan  was  to  give  plat  C  what  would  ordinarily 
be  called  an  excessive  amount  of  water,  give  B  medium  irri- 
gation, and  supply  A  with  as  little  water  as  would  mature 
the  crop.  Table  IX  gives  the  data  computed  from  last  sea 
son's  notes. 
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The  results  do  not  indicate  that  even  the  largest 
amount  of  water  applied  was  sufficient  to  produce  a  maxi- 
mum crop.  Sod  land  requires  more  water  than  is  necessary 
on  older  cultivated  soil,  and  the  largest  amount  or  water 
applied  was  not  excessive.  The  time  of  applying  water  is 
0/  great  importance.  Irrigating  at  the  wrong  time  may  ac- 
count for  the  decrease  in  yield  of  grain  in  Plat  B,  while  the 
amount  of  straw  was  increased  by  the  additional  water  it 
received. 

Samples  of  soil  were  taken  from  each  plat  twice  each 
week  during  the  summer  for  determinations  of  the  amount 
of  moisture  in  the  soil.  A  part  of  the  determinations  were 
made  by  Mr.  Danielson  and  a  part  by  Mr.  Moudy  in  the 
Chemical  Department.  The  soil  samples  were  taken  by 
driving  iron  tubes  into  the  ground  a  distance  of  one  foot. 
They  were  corked  up  with  rubber  corks  at  each  end  until 
they  could  be  dried.  The  samples  obtained  in  this  way 
were  not  uniform.  Sometimes  the  tube  would  drive  into  the 
soil,  filling  nearly  its  whole  length,  and  at  other  times  the 
soil  would  apparently  drive  down  ahead  of  the  lower  end, 
so  that  not  more  than  one  or  two  inches  of  soil  would  be  ob- 
tained. This  throws  doubt  on  the  uniformity  of  the  sam- 
ples taken  and  makes  the  moisture  determinations  of  little 
or  no  scientific  value.  However,  there  were  fifteen  deter- 
minations from  each  plat,  and  the  averages  show  small  dif- 
ferences in  the  x>^rcent  of  moisture  from  each.  With  this 
explanation,  the  moisture  determinations  are  published  in 
Table  X.  Plat  A,  which  had  the  least  irrigation,  apparently 
had  the  largest  average  nioisture  content,  though  the  varia- 
tion is  small  and  may  be  accounted  for  by  the  way  the  sam- 
ples were  taken. 


Water  Measurements. 


Table  y:.— Soil  Moisture  in  Pilots  A,  B,  and  C,  i 


In  1898  an  experiment  to  show  the  effect  of  different 
amounts  of  water  on  potatoes  was  carried  out.* 

"A  part  of  the  potato  field  wa«  given  the  flnit  irrigatioD 
July  7,  while  a  part  was  left  until  July  28  for  the  first  wa- 
tering, at  which  time  the  potatoes  irrigated  on  July  7  were 
(;iven  their  second  irrigation,  and  all  were  irrigated  again 
on  August  4.  The  potatoes  were  planted  in  rows  running 
across  two  plats,  one  of  which  was  plowed  in  the  ordinary 
way.  The  other  plat  was  treated  the  same,  but  had  been 
subsoiled  in  the  spring  of  1896  to  a  depth  of  16  or  18  inches. 
The  potatoes  irrigated  twice  received  3.6  inches  of  water, 
while  those  irrigated  three  times  received  13,8  inches.  The 
yields  of  marketable  potatoes  per  acre  are  given  in  the  fol- 
lowing table: 

Table  XI—  Yitld  of  Potatoes  -with  Two  and  Three  Irrigations. 


Initiiioni. 

L)iid 
plowed 

Uad 
plowed 

wil«l. 

•,"[J- 

Pimm.tt. 
.V2»l 

P^unJ.. 

■*'""■ 

a,i)7s 

"This  table  shows  an  increased  yield  due  to  the  addi- 
tional irrigation  of  ovtr  76  percent  on  land  treated  in  the 
usual  way,  and  of  nearly  62.4  percent  on  subsoiled  land,  the 
average  increase  being  over  69  percent," 


.1,  Office 


rEipei 
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Some  studies  made  by  the  writer  on  the  amount  of  wa- 
ter on  amount  of  crop,  which  were  published  in  Bulletin  No. 
81  of  the  Office  of  Experiment  Stations,  "The  Use  of  Water 
in  Irrigation  in  Wyoming,"  were  summarized  as  follows: 

*  *  *  There  is  a  limit  to  the  volume  of  water  which  can 
be  used  to  advantage,  beyond  which  it  is  an  injury  to  both 
land  and  crop.  With  alfalfa  the  largest  yield  was  obtained 
with  the  least  water  per  pound  produced,  and  the  same  is 
true  in  several  cases  with  the  grains  and  potatoes.  How- 
ever, ♦  ♦  ♦  the  results  indicate  that  in  general  the  great- 
est depth  of  water  applied  to  the  crop  by  irrigation  nearly 
corresponds  to  the  maximum  yield,  except  in  the  case  of 
grains  on  sod  land,  or  potatoes,  which  received  little  irri- 
gation. 

"It  will  thus  be  seen  that  we  are  unacquainted  as  yet 
with  the  amount  of  water  necessary  to  produce  the  best  re- 
sults under  any  known  conditions.  With  too  little  water, 
failure  of  the  crop  is  certain,  and  too  much  water  is  often 
injurious.  So  far,  we  have  been  able  to  obtain  only  a  gen- 
eral idea  of  the  amount  of  water  necessary  to  carry  on  suc- 
cessful agricultural  operations  and  produce  crops  which 
give  larger  average  yields  than  those  raised  under  rainfall. 
Undoubtedly,  applying  water  to  the  plant  when  it  needs 
water  and  not  forcing  it  to  exist  in  the  presen<*e  of  water  in 
excess  of  that  required  is  the  only  scientific  way  of  pro- 
ducing crops." 


GERMINATION  OF  WHEAT  AND  OATS 
TREATED  FOR  SMUT. 


PUBLISHED   AS  PART  OF   THE   TENTH    ANNUAL   REPORT   OF  THE 
WYOMING    AGRICULTURAL   EXPERIMENT 

STATION. 


The  loose  smut  of  oats  and  the  stinking  smut  of  wheat 
jire  very  troublesome  on  the  Laramie  Plains.  Unless  the 
seed  planted  be  absolutely  free  from  the  smut  spores  it 
is  impossible  to  raise  clean  grain,  and  if  untreated  seed  is 
planted,  even  though  it  appears  to  contain  very  little  smut, 
the  loss  to  the  resulting  crop  is  great.  In  one  instance, 
actual  count  of  kernels  after  threshinj^  gave  80  smut  ker- 
nels to  42  sound  ones,  or  over  190  percent  smut,  and 
many  of  the  diseased  kernels  were  broken  to  pieces  in 
the  threshing.  Several  different  methods  of  treating  grain 
for  smut  were  resorted  to  the  present  season  and  after  treat- 
ment as  nearly  average  samples  of  the  grain  as  could  be  se- 
lected were  placed  in  the  germinating  chamber  to  determine 
the  effect  of  the  treatment  on  vitality  of  the  seed.  Several 
samples  of  untreated  seed  were  germinated  as  checks.  The 
observations  were  made  April  16  to  27,  1900.  The  methods 
of  treatment  were  as  follows: 

CJOPPER   SULPHATE    OR    BLTTE    STONE    TREAT 
MENT: — A  solution  was  made  by  dissolving  one  pound  of 
commercial  copper  sulphate  in  twenty-four  gallons  of  water. 
Amethyst  wheat  and  Lamona  wheat  were  soaked  in  this  so- 
lution for  ten  and  one-half  hours.    Scotch  of  Scotch  wheat 
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was  soaked  for  thirteen  hours.  Upon  reraoving  the  wheat 
from  the  sulphate  solution  it  was  immersed  for  five  minutes 
in  a  solution  made  by  slacking  one  pound  of  good  lime  and 
then  diluting  to  ten  gallons  with  water. 

POTASSIT  M  SULPHIDE  TREATMENT.— A  two  per 
cent  solution  was  made  by  dissolving  eight  pounds  of  potas- 
sium sulphide  in  fifty  gallons  of  water.  Surprise  and  Lin- 
(*oln  oats  were  soaked  in  this  solution  for  two  hours  and 
then  spread  out  to  dry. 

THE   JENSEN   HOT   WATER   TREATMENT :— Two 

barrels  of  water  were  heated  by  passing  steam  into  them. 
A  reliable  thermometer  was  used  to  test  the  temperature. 
The  water  in  barrel  No.  1  was  heated  ro  about  130°F.  The 
grain  in  sacks  was  placed  in  this  water,  which  would  lower 
the  temperature  ten  or  fifteen  degrees  when  immersed. 
The  water  in  barrel  No.  2  was  heated  to  fmm  130  to  LS5°F. 
The  grain  was  lifted  from  barrel  No.  1  to  barrel  No.  2  and 
left  in  the  water  heated  to  130  or  135'^F.  for  ten  minutes. 
If  the  temperature  decreased  to  less  than  130*^,  the  grain 
was  lifted  out  and  steam  passed  in  to  increase  the  hea'  to 
the  proper  degree,  when  the  grain  was  replaced  until  the 
actual  time  it  was  immersed  amounted  to  a  total  of  ten  win 
utes.  In  some  instances  when  the  water  was  at  a  lower  tem 
perature  than  130°F.^  the  grain  was  left  in  longer  than  the 
ten  minutes  specified  for  the  proper  temperature,  i.  e..  the 
time  the  grain  was  in  the  water  was  not  counted  unless  the 
temperature  was  at  or  above  a  minimum  of  130°F.  Sc('tch 
of  Scotch  wheat.  Surprise  oats  and  Lincoln  oats  were  ireat- 
ed  in  this  manner.  Great  care  was  taken  not  to  have  the 
water  too  hot  or  leave  the  grain  in  too  long,  but  the  n^snlt 
on  the  germination  of  the  seed  shows  that  too  mu<*h  heat 
was  applied.  All  the  grain  treated,  except  the  Lannona 
wheat,  was  raised  at  Laramie  in  1899.    It  is  possible  that 
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grain  raUod  at  this  altitude,  on  aecoant  of  its  rapidity  of 
growth  and  thp  sliort  season,  does  not  produce  seed  coats 
wliii'li  are  ao  tliicl;  as  tliat  of  j^rain  raised  where  tlie  season 
is  long,  and  that  tho  thin  seed  coats  account  for  the  den'  ruc- 
tion of  germinating  power  by  water  at  a  temperature  sup- 
posed to  be  safe  in  other  places,  or  by  the  salt  solulions 
commonly  used  elsewhere.  The  following  table  give^  the 
results  of  the  germinating  test  of  the  treated  grains  com- 
)»ared  with  check  samples  not  treated: 

Germination  of  Wheal  and  Oats  Treated  for  Smut. 
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Forage  Plants. 


BY  B.  C.  BUFFUM  AND  W.  H.  FAIRFIELD. 


It  is  the  object  of  this  paper  to  report  briefly  and  more  or 
less  technically  the  investigations  by  the  Experiment  Station 
with  cultivated  and  native  forage  plants  for  the  Laramie 
Plains.  The  Station  early  took  up  work  with  forage  plants 
and  Bulletin  No.  i6  was  the  first  report  on  them.  This 
bulletin  gave  accounts  principally  of  the  native  forage  plants 
which  had  been  collected  up  to  that  time.  Brief  reports  have 
been  made  from  time  to  time  by  this  and  other  departments, 
more  especially  with  forage  plants  for  alkali  soils.*  * 

No  subject  which  is  being  investigated  promises  resuhs  of 
so  great  value  to  the  farmers  of  the  State.  Where  live  stock 
is  the  basis  of  agricultural  practice,  as  it  is  and  must  be  iti  Wy- 
oming, the  importance  of  raising  abundant  and  cheap  stock 
food  can  hardly  be  overestimated.  The  natural  ranges  have 
greatly  deteriorated  through  over-stocking,  which  has  pre- 
vented the  best  grasses  from  re-seeding  themselves  for  so  long 
a  time  that  they  have  run  out.  Not  only  is  the  improvement 
of  the  native  range  important,  but  greater  hay  production  from 
our  native  and  cultivated  meadows  is  a  matter  of  prime  im- 
portance. No  doubt  there  are  many  grasses  and  forage  plants 
which  can  be  introduced  and  cultivated  that  will  greatly  in- 
crease the  yield  of  hay  obtained.  This  matter  is  of  such  vital 
interest  that  our  farmers  and  ranchmen  arc  ever  ready  to  spend 
their  money  for  greatly  advertised  grasses  or  forage  plants, 
and  go  to  much  trouble  and  expense  giving  them  trial  on 
their  hay  lands.  Many  bought  sachaline,  which  proved  abso- 
lutely valueless  in  every  part  of  the  state.     Many  more  are 

•S«e  Wyo.  Sta.  Bui.  No.  42.  by  Avcn  Nelson,  Botanist  of  the  Station. 


Wyoming  Experiment  Station. 


buying  Australian  salt  bush,  which  is  a  tropical  plant  and  will 
not  succeed  in  our  climate.  Ranchmen  everywhere  are  now 
buying  seed  of  the  Awnless  Brome  grass,  which  our  experi- 
ments have  shown  is  poorly  adapted  to  our  high  altitude?.  It 
seems  that  a  ton  of  it  will  cost  more  than  it  will  ever  be  worth, 
as  it  makes  slow  growth  and  produces  very  small  yields  at 
Laramie.  However,  it  is  a  valuable  grass  in  some  localities, 
especially  where  the  rainfall  reaches  17  to  20  inches  per  an- 
num. 

We  have  tried  many  varieties  of  grasses  and  many  kinds 
of  other  forage  plants.  In  1895  we  began  co-operation  with 
the  Division  of  Agrostology*  of  the  United  States  Department 
of  Agriculture,  from  which  source  we  obtained  many  varieties 
of  seed  which  are  not  obtainable  as  yet  except  in  ver>'  small 
amounts  as  collected  in  the  native  home  of  each  plant.  These 
have  been  grown  with  the  hope  that  some  among  them  mig-ht 
prove  worthy  of  extended  planting  and  spreading  of  the  seed 
among  our  farmers.  Results  of  value  have  been  obtained. 
Some  of  the  kinds  tried  have  already  been  proven  worthless, 
others  have  not  yet  been  sufficiently  investigated  to  enable  us 
to  form  an  opinion  of  their  value,  and  still  others  have  given 
most  promising  results.  We  believe  the  following  brief  report 
of  these  trials  will  be  of  interest  and  value. 

At  the  end  of  this  report  we  have  given  three  lists  of  for- 
age plants,  the  first  one  being  a  list  of  those  which  have  shown 
themselves  worthy  of  further  trial,  the  second  one  being  a  list 
of  those  which  have  not  yet  furnished  sufficient  data  from 
which  to  determine  their  usefulness,  or  uselessness,  and  the 
third  one  being  a  list  of  those  which  have  proven  themselves 
useless  under  the  conditions  of  climate  at  our  high  altitude. 
The  second  list,  no  doubt,  contaiiis  many  plants  which  are 
valueless  at  this  altitude,  but  unless  our  results  have  been  such 
as  to  fully  prove  them  so,  we  have  given  them  the  benefit  of 
the  doubt. 
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Alfalfa  (Medicago  sativa.) 

Results  obtained  by  the  Station  in  cropping  alfalfa  are 
reported  in  Bulletin  No.  43,  and  need  not  be  repeated  here. 
Its  value  as  a  fertilizer  was  reported  in  Bulletin  44.  Xo  other 
forage  plant  which  has  been  tried  approaches  alfalfa  in  general 
value.  It  ranks  first  in  Wyoming.  It  is  productive  and  adapts 
itself  to  our  conditions  of  soil  and  climate.  Alfalfa  must  l>e 
irrigated  and  cannot  be  grown  on  low  wet  land.  At  altitudes 
over  6,000  feet  it  should  be  given  special  preparation  of  the 
land  and  be  planted  with  a  press  drill. 

Alsyke  (Trifol'mm  hybridnm.) 

A  plat  planted  in  1896  made  a  poor  stand.  The  plants 
grew  well  in  the  summer  of  1897  ^^^^  winter  killed  the  follow- 
ing winter.  Plants  have  spread  to  different  parts  of  the  farm 
and  grow  well  along  the  ditches,  or  where  covered  with  snow 

■ 

drifts  in  the  winter.     It  may  have  some  value  to  improve  wet 
meadows,  especially  in  sheltered  places. 

Red  Clover  (Trifolmm  pratensc.) 

A  plat  planted  with  press  drill  May  ist,  1894,  made  j>oor 
stand.  Harvested  August  9,  1895,  and  yielded  1,426  pounds 
per  acre.  Another  plat  planted  May  2^,  1896,  made  a  scat- 
tering stand.  It  was  cut  to  clean  off  weeds  in  1897.  I"  ^^9^ 
the  plat  yielded  2,628  pounds  per  acre.  In  1899  it  yielded 
1 ,080  pounds  per  acre  and  1,800  pounds  per  acre  in  1900.  Red 
clover  is  apt  to  winter  kill  at  this  altitude  and  cannot  be  ex- 
pected to  produce  a  crop  the  first  season  from  seed. 

Mammoth  red  clover  was  planted  in  1896.  In  1897  it 
was  growing,  but  a  poor  stand  was  secured,  and  practically  all 
was  winter  killed  in  following  winter. 

Crimson  Cf^over  (TrifoHum  incarnatum.) 
Has  been  tried  at  Laramie  but  failed. 
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White  Clover  (Trifolium  re  pens.) 

Is  used  in  lawns.  Grows  well  and  spreads  rapidly  where 
kept  wet.    Is  apt  to  winter  kill. 

Egyptian  Clover  (Trifolium  Alcxandrinum.) 

Planted  May  22,  1896.  Good  stand.  Blossomed  August 
5.    Grew  six  to  eight  inches  high.    Was  not  cut. 

Bokhara  Clover  (Mililotus  alba.) 

Planted  on  May  21,  1896,  on  alkali  ground.  Produced 
only  a  medium  stand.  Cut  in  1897  but  no  record  of  yield  was 
kept. 

Planted  May  12,  1897,  on  alkali  land  with  press  drill. 
August  I,  T898,  plants  in  full  bloom.  Highest  plants,  6j^  feet. 
Yield  cured  hay,  9,226  pounds  per  acre.  In  1891  some  seed 
was  planted  on  high  land  which  could  not  be  irrigated  It 
grew  9  inches  high  the  first  season  and  ripened  seed  the  sec- 
ond year,  re-seeding  for  several  years.  This  clover  is  a  great 
drouth  and  alkali  resisting  plant.  It  has  a  strong  odor  and  is 
unpalatable  to  stock.  In  the  presence  of  superior  forage  it  is 
hardly  worth  while  to  attempt  to  educate  stock  to  eat  it.  Its 
only  value  in  our  state  is  as  a  honey  plant  (for  which  purpose 
it  is  superior  to  almost  any  other),  and  as  a  plant  to  grow  on 
strong  alkali  ground  for  green  manure.  See  Wyo.  Sta.  Bui. 
No.  16.  p.  236. 

Rurr  or  California  Cix)VKR  (Medicago  tnaculata.) 

Planted  in  1895.  Grew  well  and  re-seeded  every  year  for 
four  years.  This  is  a  small  annual  recumbent  clover  which 
would  only  be  of  value  for  pasturage,  where  the  seed  could 
be  harrowed  in  each  vcar. 

Flat  Pea  (Lathyrus  Sylvester  wagneri.) 

The  seed  was  planted  and  the  roots  were  also  set  out  in 
the   spring  of   1895.     ^^  makes  a  luxuriant  growth,   resists 


Forage  Plants. 


drouth  well  and  does  not  winter  kill.  We  cut  it  but  once  dur- 
ing the  season.  Its  serious  and,  in  Wyoming,  fatal  drawback, 
like  the  sweet  clover,  is  lack  of  palatability.  We  have  not  been 
able  to  induce  stock  to  touch  it,  either  green  or  cured  for  hay. 
It  requires  three  or  four  years  for  it  to  become  well  enough 
established  to  produce  heavy  yields  at  Laramie. 

English  or  Dwarf  Essex  Rapc  (Brassica  napus.) 

In  1894  rape  planted  on  alkali  soil  yielded  14.59  ^^^^ 
green  forage  per  acre.  In  1899  '^  yielded  15.95  ^^^^  green  for- 
age per  acre.  It  is  relished  by  stock  and  will  be  eaten  through 
the  winter  as  long  as  any  of  it  is  left  standing.  After  being 
frosted,  if  eaten  by  milch  cows  it  is  apt  to  give  an  unpleasant 
flavor  to  the  milk  and  butter.  It  is  necessary  to  plant  r*ape 
each  year,  but  it  promises  to  be  of  great  value,  especially  for 
alkali  land. 

Brome  Grass  (Bromis  inermus,) 

The  first  plat  was  planted  in  the  spring  of  1896.  Since 
then  two  or  three  more  plats  have  been  planted.  We  have 
given  it  a  very  thorough  trial  and  find  that  it  is  easy  to  start, 
resists  drouth  and  our  severe  winters,  but  will  produce  scarce- 
ly enough  hay  to  pay  for  cutting.  One  plat  of  nearly  one-half 
acre  yielded  at  the  rate  of  593  pounds  cured  hay  per  acre  in 
1899,  and  this  is  representative  of  what  it  has  done  during  the 
four  years  we  have  tried  it  on  the  Station  Farm  at  Laramie. 
It  might  be  well  to  state,  however,  that  at  lower  altitudes  in 
the  state,  particularly  in  the  vicinity  of  Sundance,  it  had  proved 
itself  to  be  of  much  value  as  a  hay  crop. 

Sanfoin  or  Esparsette  (Onobrychis  safiva.) 

This  was  planted  with  a  press  drill  on  native  prairie 
in  1892.  It  was  irrigated  the  first  season.  It  made  some 
growth,  resisted  drouth  well,  and  did  not  winter  kill.  It  may 
prove  of  value  to  improve  the  range,  but  no  experiment?  in 
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this  particular  line  have  yet  been  carried  out.  In  1896  a  plat 
was  planted  and  made  a  scattering  stand.  It  made  a  good 
growth  in  1897  but  the  yield  was  not  taken.  In  1898  it  yielded 
at  the  rate  of  4,666  pounds  cured  hay  per  acre,  and  in  1899, 
2,736  pounds.  On  the  whole  it  seems  to  be  a  very  promising 
forage  plant  for  this  region,  but  does  not  yield  so  much  hay 
as  does  alfalfa. 

Tall  Meadow  Oat  Grass  ( Arrhenatherum  avenaceum.) 

Planted  in  1896  but  did  not  come  up  till  1897  ^^^  ^"b' 
made  a  scattering  stand;  consequently  the  yield  obtained  was 
light,  it  being  only  1,584  pounds  cured  hay  per  acre  in  1899. 
Owing  to  the  fact  that  it  attains  a  height  of  between  thre<-  and 
four  feet  comparatively  early  in  the  season  and  does  not  re- 
quire an  excessive  amount  of  water,  it  may  prove  of  value  to 
use  as  a  mixture  with  alfalfa. 

Timothy  (Phleiim  pratensej 

This  has  been  given  careful  trial  since  1891  on  the  Sta- 
tion Farm.  'We  find  that  on  high  open  places  exposed  to  the 
drying  winds  of  winter  which  prevent  snow  remaining  long  on 
the  ground,  timothy  does  not  do  well.  It  does  not  seem  to 
grow  vigorously  and  is  apt  to  winter  kill.  One  plat  yielded 
at  the  rate  of  2,444  pounds  of  cured  hay  per  acre  in  1898  and 
1,080  pounds  in  1899.  It  can  be  recommended  for  meadows 
which  are  kept  comparatively  wet. 

Millet  (Panicnm  milaceum.) 

Xo.  2795  from  the  L'nited  States  Department  of  Agricul- 
ture yielded  3,569  pounds  per  acre  of  cured  hay  in  1899.  The 
seed  was  sown  very  thickkly.  The  plants  were  frosted  August 
24  before  they  matured.  A  number  of  kinds  of  millet  have  re- 
ceived trials  but  the  season  at  this  altitude  is  not  long  enough 
for  them. 
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Hairy  or  Sand  Vetch  (Vicia  villosa.) 

1898 — Planted  May  11  and  13  with  oats.  One  plat  yield- 
ed 4,666  pounds  per  acre  and  the  other  plat  gave  a  yield  of 
4,659  pounds  per  acre  of  cured  hay.  This  yield  was  oats  and 
vetch.  A  second  cutting  of  the  vetch  was  made  in  Septem- 
ber, giving  a  yield  of  888  pounds  per  acre. 

1899 — Yielded  1174  pounds  per  acre  on  August  7.  About 
one-half  the  plants  were  killed  during  the  winter. 


The  Station  received  on  March  i,  1897,  seeds  of  one  hun- 
dred thirty-five  different  forage  plants  from  the  Division  of 
Agrostology  of  the  United  States  Department  of  Agriculture. 
These  consisted  principally  of  native  grasses  collected  in  and 
adjacent  to  the  Rocky  Mountains.  As  only  small  amounts  of 
seed  were  received  only  small  plats  could  be  planted.  A  por- 
tion of  Acre  Plat  16  on  the  Farm  was  laid  aside  for  the  work 
and  carefully  prepared.  Plats  three  by  three  feet,  or  contain- 
ing nine  square  feet,  were  laid  out  with  paths  two  feet  wide  on 
two  sides  and  one  and  one-half  feet  wide  on  the  other  two 
sides  of  each  plat. 

On  July  15,  16  and  17  the  seeds  were  planted  by  hand 
and  carefully  raked  in.  Begining  on  July  17,  the  plats  were 
watered  with  a  sprinkling  pot  night  and  morning,  except  when 
it  rained,  for  one  or  two  weeks,  or  until  the  majority  of  the 
plants  were  up.  On  August  18,  banks  were  laid  up  on  the 
paths  running  north  and  south  so  that  bed  irrigation  could  be 
practiced  with  each  tier  of  plats.  The  plats  were  then  irrigated 
on  the  following  dates :  August  18,  24  and  September  4.  In 
1898  the  plats  received  thorough  irrigations  on  June  16,  July 
2,  July  25,  September  2  and  September  16.  In  1899  the  plats 
^were  irrigated  June  10,  August  4  and  5  and  September  28. 

The  following  is  a  list  of  the  forage  plants  sown,  together 
with  notes  on  their  growth  and  condition  in  1898  and  1899, 
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respectively.  In  reporting  the  height  and  length  of  heads  the 
meter  is  the  unit  of  measure  used.  The  yield  per  acre  is  com- 
puted in  some  instances,  which  will  be,  of  course,  only  approxi- 
mately correct,  on  account  of  the  extremely  small  area  of  the 
plats,  nine  square  feet  in  each. 

Agropyron  acutum  (Europe.) 
1898— 
Aug.  3,  fair  stand;  fully  headed;  height,  1.08  m. ;  cut, 
weight,  cured,  i  lb.,  8.5  oz. 
1899— 
June  9 — Good  stand. 
July  14 — Beginning  to  head. 

Aug.  8 — Height,  1.05  m. ;  fair  stand;  just  starting  to 
change  color  at  the  tips  of  the  heads;  cut;  weight, 
green,  2.5  lbs;  weight,  cured,  i  lb.  3  oz. ;  2.8  tons 
cured  hay  per  acre. 

Agropyron  caninum  R.  &  S. 
1898— 

Aug.  3 — Good  stand;  fully  headed;  height,  1  m. ;  cut; 
weight,  cured,  2  lbs.,  3.8  oz. 
1899— 
June  9 — Good  stand. 
July  20 — Heading. 

Aug.  21 — Beginning  to  ripen;  fair  stand  but  only  headed 
around  the  edges;  height  at  edges,  0.46  m. ;  cut; 
weight,  green,  i  lb  ,  15  oz. ;  4.6  rons  green  fodder  per 
acre ;  2.3  tons  qwt^A  hay  per  acre. 

Agropyron  divergens. 
1898— 
Fair  stand;  fully  headed;  height,  0.8  m. ;  cut:  weif;ht, 
cured,  10  oz. 
1899— 
July  7 — Headed :  varies  in  height. 
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July  25 — Height,  0.55  1;:. ;  length  of  heads,  0.15  m. ;  good 
stand;  yellowing;  cut;  weight,  green,  i  lb.;  weight, 
cured,  8.5  oz. ;  i  1-3  tons  cured  hay  per  acre. 

Agropyron  pseudorepens, 
189&- 
The  grass  growing  is  evidently  not  the  species  named. 

Agropyron  repens.  Beam. 
189&- 
Aug.    3 — Headed;   good    stknd;    height,   0.75    m. ;    cut; 
weight,  cured,  3  lbs.,  6  oz. 

1899— 
Aug.  8 — Heading ;  height  very  uneven. 

Sept.* 26— Ripened  by  frost;  headed  on  edges  of  plat,  not 

in  center;  height  on  edges,  1.2  m. ;  cut;  weight,  green, 

2  lbs.,  12  oz. ;  weight,  cured,  i  lb.,  9  oz. ;    3.8  tons 

cured  hay  per  acre. 

Agropyron  richardsonii,  School. 
1898— 

Aug.  3 — Good  stand;  headed;  cut;  weight,  cured,  2  lbs., 

5  oz- 
1899— 

July  20 — Headed  around  edges  of  plat. 

Aug.   21 — Heads   changing  color;   poor   to   fair   stand; 

height,  0.6  m. ;   cut ;  weight,  green,   2   lbs.,   2  oz. ; 

weight,  cured,  i  lb.,  3.5  oz. ;  2.9  tons  cured  hay  per 

acre. 

Agropyron  spicatum,  S.  &  S. 
1898— 

Aug.  3 — Good  stand ;  headed ;  height,  0.6  m. ;  cut ;  weight, 
cured,  i  lb. 
1899— 

Sept.  26 — Not  headed;  fair  stand;  height,  0.18  m. ;  not 
cut. 
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Agropyron  tenertim,  Vasey. 
189&- 
^"&-  3 — Very  good  stand ;  lower  leaves  much  thicker  than 
on  the  other  agropyrons;   headed;  height,  i  m. ;  cut; 
weight,  green,  3  lbs. 
1899— 
July  24 — Heading  around  edges  of  plat. 
Aug.  21 — Heads  changing  color  some;  good  stand  but 
few  heads  in  center  of  plat;  height,  0.7  m. :  cut; 
weight,  green,  i  lb.,  7  oz. ;  weight,  cured,  14  oz. :  2.1 
tons  per  acre  of  cured  hay. 

Alopecurus  occidentalis. 
1898— 
Aug.  3 — Only  two  or  three  small  plants ;  ripe ;  height,  0.53 
m. ;  cut;  weight,  cured,  1.5  oz. 
1899— 
June  9 — Headed. 

July  7 — Stand  thin ;  only  a  few  stems ;  seeds  starting  to 
ripen;  height,  0.43  m. ;  length  of  heads,  0.015  m. ; 
weight,  cured,  i  oz. 

Andropogon  cinhatus. 
Dead. 

Andropogon  nutans  avenacens,  Hack. 
Dead. 

Andropogon  provincialis,  L.  (A.  furcatus,  Muhl.) 
Dead. 

Andropogon  scoparius. 
Dead. 

Arrhenatherum  elatius,  M.  &  K. 
1898— 
Aug.  3 — Badly  mixed ;  two  distinct  varieties ;  cut  togeth- 
er ;  weight,  cured,  2  lbs. 
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1899— 
July  7 — Headed ;  two  species  mixed. 
July  25 — Good  stand ;  height,  0.95  m. ;  cut ;  weight,  green, 
I  lb.,  12.5  oz. ;   cured,  12.5  oz. ;    1.9  tons  cured  hay 
per  acre. 

Arundinaria  macrosperma,  Michx. 
Dead. 

Astragalus  carolinianus,  L. 
Never  came  up. 

Astragalus  crassicarpus,  Nut. 
Never  came  up. 

A  triplex  canescens,  James. 
Dead. 

A  triplex  halimoides. 
Dead. 

A  triplex  leptocarpa. 
Dead. 

Atriplex  nummularia. 
Dead. 

Atriplex  semibaccata. 
Dead. 

Atriplex  truneata. 
Dead. 

Australia  Old  Man  Salt  Bush, 
Never  came  up. 

Beckviannia  erucaeformis.  Host. 
1898— 
Aug.  3 — Headed;  poor  stand;  starting  to  ripen;  height, 
0.53  m. ;  cut ;  weight,  cured,  5.3  oz. 

1899- 
Dead. 
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Bigelovia  graveoleus  albicaulis. 
Never  came  up. 

Bouteloua  eriopoda,  Torr. 
Dead. 

Bouteloua  juncifolia,  (H.  B.  K.)  Lag. 
Dead. 

Bouteloua  microstachya. 
Dead. 

Bouteloua  oligostachya,  Torr. 
1898— 

Aug.  3 — Fairly  good  stand;  not  headed;  height,  o.i  m. 
1899— 
July  14 — Fair  stand;  short  tufted;  height,  0.06  m. 
Sept.  26 — Has  not  grown  since  July  14  in  center  of  plat; 
an  occasional  head  near  edges  of  plat;  height  here 
about  0.4  m. 

Bouteloua  racemosa,  Lag. 
Dead. 

Bouteloua  rothrockii,  Vasey. 
Dead. 

Bromus  adoensis. 
Dead. 

Bromus  carinatus. 
Dead. 

Bromus  ciliatus,  L. 
1898— 

Aug.  3 — Good  stand :  headed ;  height,  0.8  m. ;    weight, 
cured,  i  lb.,  10.5  oz. 
1899— 
July  7 — Edges  heading ;  center  of  plat  not  heading. 
Aug.  8 — Height,  0.7  m. ;  changing  color ;  cut :  weight, 
green,  2  lbs;  cured,  15  oz. 
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Brontus  inermus,  Leys. 

1898— 

Aug.  3 — Very  good  stand ;  partially  headed ;  a  thick  mat 

of  grass;  cut;  height,  0.9  m. ;  weight,  cured,  )   lb., 

14.5  oz. 
1899- 

July  7 — Heading. 

Aug.  8 — Heads  not  abundant;  changing  color;  height, 
0.8  m. ;  cut ;  weight,  green,  2.5  lbs. ;  weight,  cured, 
I  lb.,  1.5  oz. ;  2.6  tons  cured  hay  per  acre. 

Bromus  purgans. 
1898— 
^^^'    3 — Headed;   good   stand;    height,   0.92    m. ;    cut; 
weight,  cured,  i  lb.,  4.7  oz. 
1899 — 
July  7 — Headed  on  edges  of  plat. 
July  20 — Well  headed. 

Aug.  8 — Changed  color  some ;  height,  0.75  m. ;  cut ; 
weight,  green,  i  lb.,  12  oz. ;  weight,  cured,  13  oz. ; 
2.0  tons  cured  hay  per  acre. 

Bromus  tectorum,  L. 

1898— 

Aug.  3 — Very  fine  stand ;  fully  headed  and  ripe :  height, 

0.6  m. ;  cut ;  weight,  cured,  4  Ibs;,  8.5  oz. 
1899— 

July  I — Headed ;  spreading  out  larger  than  the  original 

plant. 
July  25 — Height,  0.55  m. :  cut ;   weight,  green,   5   lbs. ; 

weight,  cured,  2  lbs.,  6.5  oz. ;   5.8  tons  cured  hay  per 

acre. 

Bromus  unioloides. 
Dead. 

Bulbilis  dactvloides,  Raf. 
Dead. 
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Calamagrostis  canadensis. 
Never  came  up. 

Calamagrostis  confinis. 
Never  came  up. 

Calamagrostis  dubia. 
Dead. 

Calamagrostis  purpurasccns. 
1898— 
Aug.  3 — A  few  small  plants  not  yet  headed ;  height  about 
.13  m. 
1899— 
July  7 — Headed ;  height,  0.35  m. 
Aug.  8 — Species  mixed ;  plat  not  cut. 

Calamovilfa  longifolia. 
1898— 

Sept.  26 — Poor  stand. 
1899^ 

Dead. 

Car  ex  siraminea.  -^ 

Uead. 

Chaetochloa  glauca. 
Dead. 

Chi  oris  etegans. 

Never  came  up. 

Chloris  verticillata. 

Dead.  : 

Dalca  alopccuroides. 
Dead. 

Da^vlirion  texantim.  Sotol. 

Never  came  up.  I  . 
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Dcschampsia  caespitosa,  Beau  v. 
1898— 

Aug.  3 — A  few  plants  not  yet  headed ;   about  0.5  m.  high. 
1899— 
July  7 — Headed. 

Aug.  8 — It  is  doubtful  if  this  is  'the  species  named;  ripe; 
height,  0.45  m. ;  was  not  cut. 

Dcsmodiiim  tortuosum. 
Dead. 

Eatonia  obtusata. 
1898— 
^^"R-  3 — Two  or  three  plants  headed;  height,  0.6  to  0.7 
in.;  cut;  weight,  cured,  1.3  oz. 
i8<;9— 
July  7 — Heading. 

.\ug.  8 — Xcarly  ripe ;  jx)or  stand  ;  height,  0.62  m. ;  cut : 
weight,  cured,  3  oz. 

ill  CM  sine  ansi  rails,  Scribn. 
Never  came  uj). 

lllymus  canadensis,  L. 
i8c;8— 
Aug.  3 — \'ery  good  stand  ;  headed ;  height,  0.9  m. ;  cut ; 
weight,  cured,  5  Ib.s.,  9  oz. 
1899— 
July  14 — Good  stand. 
Aug.  8 — Heading. 

Sept.  16 — Seed  ripe;  probably  hastened  by  frost;  is  about 
the  same  height  in  center  of  plat  as  on  edges,  which 
is  not  the  case  with  most  of  the  species  in  experi- 
ment;  height,  I.I  m. ;  cut;  weight,  green,  3  lbs.,  10 
oz. ;  weight,  cured,  2  lbs.,  9  oz. ;  6.0  tons  cured  hay 
per  acre. 
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Ely  mils  canadensis  glaucif  alius, 
1898— 
Aug.  3 — Fair  stand. 

Au^.  29 — Headed;  heig^Iit,  i  m. ;  length  of  heads,  0.14  m.: 
cut ;  weight,  cured,  i  Ih.,  8  oz. 
1899— 
Sept.  26 — Headed ;  still  green ;  height,  i  m. ;  cut :  weight, 
green,  2  lbs.,  i  oz. ;  weight,  cured,  i  lb.,  5  oz. :  3.1 
tons  cured  hay  per  acre. 

Ely m us  giganteous  (Europe). 
'1898— 

Aug.  3 — \'cry  good  stand;    headed;    height,  i  m.  to  1.2 
m. ;    cut:    weight,  cured,  3  lbs.,  13.7  oz. 
!8q9 — 
July  14 — Good  stand;  apparently  a  promising  plant. 
Aug.  8 — Heading. 

Sept.  26— Heads  ripened  by  frost;  height,  i  ni. ;  tut; 
weight,  green,  4  lbs.,  11  oz. ;  weight,  cured,  2  lbs., 
13.5  oz. 

Ely  lints  glaiiciis,  Buckl. 
Never  came  up. 

Elyiiiiis  z'irginiciis,  L. 
1898— 
Aug.  3 — \>ry  good  stand ;  just  startmg  to  head. 
Aug.    15 — Height.  0.83  m. :  cut;   weight,  cu-c'l.  2    I- , 
1 1.5  oz. 
1899 — 
July  14 — Good  stand:  abundant  foIi:ige. 
Sept.    26 — Headed;    still    green;    height,    0.7    m. ;   cut; 
weight,  green,  3  lb.,  13.5  oz. ;  weight,  cured,  8.5  cz. ; 
6.1  tons  cured  hay  per  acre. 

Eat  of  fa  laitata,  L. 
Dead. 
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Eragrostis  abyssinica,  Teflf. 
Dead. 

Eragrostis  purshii. 
Dead. 

Eragrostis  major. 
Xever  came  up. 

Eragrostis  nco-mexicano. 
Dead. 

Eragrostis  pilosa. 
Dead. 

Eragrostis  tenulis,  A.  Gray 
Dead. 

Erodium  cicutarium,  Alfilaria. 
Never  came  up. 

Euchlaena  mexicano. 
Dead. 

Festuca  arundinacea, 
1898— 

Aug.  3 — Fine  stand;  leaves  thick;  height,   i.i   m. ;  cut; 
weight,  cured,  2  lbs.,  15.5  oz. 
1899 — 
July  7 — Heading  along  edges  of  plat. 
July  14 — Good  stand. 

Aug.  8 — Comparatively  few  heads  for  amount  of  foliage ; 
heads  changing  color ;  height,  0.8  m. ;  cut ;  weight, 
green,  3  lbs.:  weight,  cured,  i  lb.,  1.5  oz. 
Sept.  26 — Second  growth  about  0.2  m.  high  ;  2.6  tons  cured 
hay  per  acre. 

Festuca  fenas. 
1898— 
Fine  stand :  an  occasional  head ;  forms  a  thick  mat  on  the 
ground. 

-(3) 
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1899— 
July  20 — Well  headed. 
July  25 — Height,  0.6  m. ;  fine  stand;  closely  matted:  cut; 

weight,  green,  i  lb.,  4  oz. ;  weight,  cured,  10  oz. 
Sept.  26 — Thick  second  growth;  would  make  fine  winter 

pasture ;  not  high  enough  to  cut,  being  about  0.2  m. 

Festuca  ovina  arizonica. 
1898— 

Aug.  3 — Poor  to  fair  stand ;  not  headed. 
1899— 
July  7 — Heading  on  edges  of  plat. 
July  20 — Height,  0.65  m. ;  good  stand ;  cut ;  weight,  green, 

12.5  oz. ;  weight,  cured,  7.5  oz. 
Sept.  26 — Small  second  growth;  i.i  tons  cured  hay  per 
acre. 

Festuca  ovina  duriuscula. 
1898— 

Aug.  3 — Good  stand ;  height,  0.3  m. 
189-)— 
June  9 — Headed. 

July  7 — Tips  of  heads  beginning  to  change  color :  height, 
0.42  m. ;  weight,  green,  i  lb.,  2  oz. ;  weight,  cured,  9 
oz. 
Sept.  26 — Second  growth  forms  short,  thick  mat:  1.3  tons 
cured  hay  per  acre. 

Festuca  ovina  duriuscula  (Second  plat). 
t8(;8— 
Poor  to  fair  stand ;  forms  a  thick  mat  where  plants  are ; 
an  occasional  head :  height,  0,35  m. 
t8()9 — 
June  i) — Headed. 

July  7 — Height,  0.4  m. :  cut;  weight,  green,  i  lb.,  3  oz. : 
weight,  cured,  8.5  oz. 
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Sept.  26 — Small  second  growth;  1.3  tons  cured  hay  per 
acre. 

Festuca  ovina  salcata, 
1898— 
Aug.  3 — Good  stand;  forms  a  thick  mat;  an  occasional 
head ;  height,  0.37  m. ;  cut ;  weight,  cured,  6.3  oz. 
1899— 
June  9 — Headed. 

July  7 — Height,  0.34  m. ;  same  all  over  plat;  length  of 
heads,  0.05  m. ;  cut ;  weight,  green,  12.5  oz. ;  weight, 
cured,  6  oz. 
Sept.26 — Small  second  growth;  0.9  tons  cured  hay  per 
acre. 

Festuca  ovina,  var.  (Europe.) 
1898— 

^"8f-  3 — F21'''  stand;  not  headed;  forms  a  rather  thick 
mat. 
1899— 
July  7 — Headed ;  cut ;  weight,  green,  12  oz. ;  weight,  cured, 

5  oz- 
Sept.  26 — Good  second  growth ;  0.7  tons  cured  hay  per 

acre. 

Festuca  ovina,  L.  var. 
1898— 

Aug.  3 — Fair  stand ;  not  headed. 
1899— 
July  7 — Headed  ;  changing  color ;  stand  thin  ;  mixed  with 
other  grasses ;  height,  0.5  m. ;  length  of  heads,  0.075 
m. :  cut ;  weight,  green,  5  oz. ;  weight,  cured.  4.5  oz. 
Sept.  26 — G(K)d  second  growth;  0.6  tons  cured  hay  per 
acre. 
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Festuca  pratensis. 
1898- 
Aug.  3 — Very  good  stand ;  headed  and  about  ripe ;  height, 
0.77  m. ;  cut;  weight,  cured,  2  lbs.,  11  oz. 
1899— 
July  7 — Heading. 

July  25 — Height,  0.75  m. ;  length  of  heads,  0.17  m. ;  good 
stand ;  cut ;  weight,  green,  2  lbs,,  8  oz. ;  weight,  cured, 
I  lb. ;  2.4  tons  cured  hay  per  acre. 

Festuca  rubra  glaucescens. 
1898— 
Aug.  3 — Poor  stand ;  thick  mat ;  starting  to  head ;  height 
about  0.48  m. 
1899 — 
July  7 — Headed. 
July  14 — Grows  in  thick  clumps. 
Aug.  8 — Changing  color ;  height,  0.45  m. ;  cut ;  weight, 

green,  1.5  lbs.;  weight,  cured,  10.5  oz. 
Sept.  26 — Good  second  growth;  1.5  tons  cured  hay  per 
acre. 

Glyceria  aquatica. 
Dead. 

Glyceria  nervata. 
Never  came  up. 

Glycine  hispida. 
Dead. 

Glycynliza  lepidota. 
Never  came  up. 

Hilaria  cenchroides. 
Dead. 

Hilaria  jamesii. 

Never  came  up. 
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Hilaria  rigida. 

Never  came  up. 

Hordeum  adscendens. 
Dead. 

Hordeum  bulbosum. 
1898— 
Aug.  3 — Poor  to  fair  stand  ;  headed  ;  height,  0.89  m. ;  cut ; 
weight,  cured,  9  oz. 
1899— 
Dead 

Hordeum  chilense, 
1898— 

Aug.  4 — Poor  stand  ;  headed  ;  height,  0.28  m. ;  cut ;  weight, 
cured,  1.8  oz. 
1899— 
No  notes. 

Hordeum  pratense. 
1898— 

Aug.  4 — Poor  stand ;  headed  ;  height,  0.4  m. ;  cut ;  weight, 
cured,  3.5  oz. 
1899— 
No  notes. 

I/osackia  purshians. 
Never  came  up. 

Koeleria  cristata. 
1898— 

Aug.  4 — Poor  to  fair  stand ;  headed ;  height,  0.35  m. 
1899— 

July  7 — Headed. 

July  25 — Height,  0.38  m. :  length  of  heads,  0.09  m. :  makes 
a  poor  general  showing;  cut;  weight,  green,  10.5  oz. ; 
weight,  cured,  6  oz. ;  0.9  tons  cured  hay  per  acre. 
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Koclcria  uitida. 
1898— 

Aug.  4 — Poor  stand ;  headed ;  height,  0.35  m. 
1899 — 

July  7 — Fully  headed ;  height,  0.38  m. 

July  20 — Cut ;  weight,  green,  8  oz. ;  weight,  cured,  5  oz. 

Koclcria  valcsiaca. 
1898— 
Aug.  4 — Poor  stand ;  only  four  or  five  plants ;  apparently 
not  verv  thrift  v. 
1899— 
July  7 — Headed :    height,  0.25  m. ;   very  poor  stand ;  noi 
cut. 

Lcptochloa  imbricata. 
Dead. 

Loliittn  pcrennc. 
1898— 
.\ug.  15 — Good  stand;  well  headed;  height,  0.65  m. ;  cut; 
weight,  cured,  i  lb.,  i  oz. 
1899 — 
July  24 — Very  poor  stand ;  a  few  beginning  to  head. 
Sept.  26 — Not  over  twenty  heads  in  all ;  fully  ripe :  height, 
0.5  m. ;  cut ;  weight,  green,  6  oz. ;  weight,  cured,  3.5 
oz. 

Lycnrus  phlcoidcs,  H.  B.  K. 
Dead. 

Lygcutii  s part  urn. 
Dead. 

Mclica  altissima. 
1898— 
Aug.  4 — Three  or  four  plants ;  headed ;  height,  0.45  m. 
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1899— 
July  14 — Only  four  bunches  in  all;  well  headed;  heads 
whitening ;  height,  0.75  m. ;  was  not  cut. 

Muhlenbergia  racemosa. 
1898— 

Good  stand ;  not  headed. 
1899— 
July  1 4 — Good  stand. 

Sept.  26— Still  green;  yellowing  from  frost;  height,  0.5 
m. ;  cut. 

Polygonum  ramosissimum. 
Never  came  up. 

Panicularia  aquatic  a. 
1898— 

Aug.  4 — Poor  stand;  not  thrifty;  nojt  headed. 
1899— 

Dead. 

Panic um  colonum. 
1898— 

Aug.  4 — One  or  two  plants  that  may  be  the  species  planted. 
1899— 
July  7 — One  bunch  that  may  be  the  species;  headed; 
height,  0.6  m. 

Panicum  crusgalli. 
1898— 

Aug.  4 — A  few  plants ;  not  tillered ;  not  headed. 
1899 — 

Dead. 

Panicum  frumentaceum. 
Dead. 

Panicum  texanum, 
1898— 
Aug.  8 — One  plant  that  may  be  the  species. 
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1899— 
Dead. 

Panicum  virgafum. 
Never  came  up. 

Paspalum  dilatatum. 
Dead. 

Paspalum  pnbiHorium  globrum. 
Never  came  up. 

Pencedanium,  sp.  (Kooma  from  mountains  in  Persia.) 
Never  came  up. 

Phalaris  arundinacea. 
Never  came  up. 

Phalaris  carolini^ina,  Walt.   (P.  intermedia,) 

1898- 

Aug.  4 — Poor  stand;  headed  and  ripening;  height,  0.4^ 
m. ;  cut;  weight,  cured,  1.5  oz. 
1899— 
Dead. 

Poa  arachnifera, 
1898— 
Aug.  4 — One  or  two  plants  that  may  he  the  species;  not 
headed. 
1899— 
Dead. 

Poa  buckleyana. 
1898— 

Aug.  4 — Poor  stand  ;  headed  ;  ahout  ripe ;  height,  0.43  m. 
1899— 
July  7 — Headed. 
July  14 — Stalks  whitening. 

July  20 — Height,  0.7  m. ;  fair  stand ;  cut ;  weight,  green, 
T  Ih.,  5  oz. ;  weight,  cured,  10  oz. ;  1.5  tons  cured  hay 
per  acre. 
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Poa  compressa. 
1898- 

Aug.  4 — Good  stand;  height,  0.35  m. 
1899— 
July  7 — Headed  on  edges  of  plat. 

July  20— Height,  0.53  m. ;  good  stand;  thickly  matted  at 
base ;  cut ;  weight,  green,  i  lb.,  i  oz. ;  weight,  cured, 
10.5  oz. 
Sept.  26— Fairly  good  second  growth;  1.5  tons  cured  hay 
per  acre. 

Poa  fertilis, 

1898— 

Aug.  4 — Poor  stand ;  headed ;  height,  0.7  m. ;  cut ;  weight, 

cured,  8  oz. 
1899— 

July  7 — Heading;  poor  stand,  but  matted  well  in  places; 

leaves  grow  well  up  on  stem,  which  would  be  a  good 

characteristic  for  hay. 
July  25 — Height,  0.62  m. ;  length  of  heads,  0.24  m.;  cut; 

weight,  green,  i  lb.,  3  oz. 
Sept.  26— Good  second  growth. 

Poa  pratensis. 
1898— 

Aug.  4 — Good  stand;  headed. 
1899— 
July  7 — Headed  on  edges  of  plat. 
July  20— Height,  0.57  m. ;  thickly  matted  at  base ;  cut ; 

weight,  green,  i  lb.,  i  oz. ;  weight,  cured,  10.5  oz 
Sept.  26 — Good  second  growth;  1.5  tons  cured  hay  per 
acre. 

Scirpus  atrovirens. 
Never  came  up. 

Scirpus  martifhus. 
Never  came  up. 


28  Wyoming  Experiment  Station. 

Secale  montanum, 
1898— 
Aug.  4 — Fine  stand ;  headed ;  height,  i  m. ;  this  plat  seems 
to  have  more  vegetation  on  it  than  any  in  the  experi- 
ment ;  cut ;  weight,  cured,  7.8  oz. 
1899— 
July  14 — Headed ;  good  stand. 

July  25 — Height,  0.85  m. ;  length  of  heads,  o.i  m. ;  cut; 
weight,  green,  4  lbs.,  i  oz. ;  weight,  cured,  i  lb.,  9.5 
oz. 
Sept.  26— Good  second  growth. 

Sporobolus  asper, 
1898— 

Aug.  4 — Good  stand ;  not  headed ;  height  of  leaves,  0.7  m. 
1899— 

Dead. 

Sporobolus  cryptandrus. 
Never  came  up. 

Sporobolus  heterolepis. 
Never  came  up. 

Sporobolus  wrightii. 
Dead. 

Stipa  robusta. 
1898— 
Aug.  4 — Fair  stand;  headed;  height,  i  m. ;  cut;  weight, 
cured,  14  oz. 
1899— 
July  14 — Fair  stand. 
Aug.  8 — Heading. 

Sept.  26 — Height,  i  m. ;  did  not  head  freely ;  leaves  form  a 
thick  mat  about  0.15  m.  high;  cut;  weight,  green,  i 
lb. ;  weight,  cured,  10  oz. ;  1.5  tons  cured  hay  per  acre. 
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Siipa  ziridula, 
1898— 
Aug.  4 — Fair  stand ;  heading ;  height,  0.7  m. ;  cut ;  weight, 
cured,  5.5  oz. 
1899— 
July  7 — Heading. 

Aug.  8 — Ripe  and  shattering ;  seems  to  be  mixed  with  an- 
other variety ;  height,  0.8  m. ;  by  mistake  was  not  cut 
until  Aug.  21,  so  heads  are  badly  dried  out;  weight, 
green,  i  lb.,  6  oz. ;  weight,  cured,  12  oz. ;  1.8  tons 
cured  hay  per  acre. 

T^hermopsis  montana. 
Never  came  up. 

^ri folium  beckwithi. 
Never  came  up. 

Tri folium  longipes. 
Never  came  up. 

Triticum  villosum, 
1898— 

Aug.  4 — Headed  and  ripening;  poor  stand;  height,  0.6 
m. ;  cut ;  weight,  cured,  6.5  oz. 
1899— 
Dead. 

J/'icia  villosa. 
1898— 

Aug.  4 — Fine  stand;  in  bloom  and  pods  forming;  length 
of  vine,  1.3  m. ;  cut;  weight,  cured,  8  lbs. 
1899— 
Dead. 


Zoysia  pungens. 

Never  came  up. 
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LIST    OF    FORAGE    PLANTS    WHICH     HAVE    SHOWN    THEM- 
SELVES WORTHY  OF   FURTHER  TRIAL. 

Agropyron  acutum, 
A,  caninum. 
A.  diver  gens. 
A.  re  pens. 
A.  richardsonii, 
A.  spicatum. 
A.  tenerum, 
Bromus  ciliatus,  L. 
B.  purgans. 
B,  tectorum,  L. 
Blynius  canadensis,  L. 

£.  canadensis  glaucifolius. 

E.  giganteus  (Europe.) 
£.  virginicus,  L. 

Festuca  arundinacea, 

F.  fenas. 

F.  ovina  arizonica. 

r 

F.  ovina  duriuscula. 
F.  ovina  salcata, 
F.  ovina  var.  (Europe.) 
F.  ovina,  L.  var. 
F.  pratensis. 
F.  rubra  glaucescens, 
Lolium  perenne. 
Poa  buckleyana. 
P.  compressa. 
P.  fertilis. 
P.  pratensis. 
Secale  montanum. 
Stipa  robust  a, 
S.  viridula. 
Vicia  villosa. 
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LIST  OF   FORAGE   PLANTS  WHICH    HAVE   BEEN   TRIED   BUT 
WHICH    HAVE   NOT   YET   FURNISHED   SUFFICIENT 
DATA  FROM  WHICH  TO  DETERMINE  THEIR 
USEFULNESS  OR  USELESSNESS.  ^ 


Agropyron  pseudorepens. 
Alopccurus  occidentalis. 
Andropogon  cinhatus. 

A.  nutans  avenacens. 
A,  provincialis,  L. 
A.  SCO  par  ins. 
Arrhcnatherum  elatius,  M.  &  K. 
Anthyllis  vulneraria,  (Kidney  Vetch.) 
Astragalus  carolinianus,  L. 

A.  crassicarpus,  Nut. 
A  triplex  canescens,  James. 
A.  halimoides. 
A,  leptocarpa, 
A,  nummularia. 
A,  truncata. 
Beckmannia  erucaeformis. 
Boiiteloua  eriopoda,  Torr. 

B.  juncifolia  (H.  B.  K.)  Lag. 
B.  microstachya, 
B.  oligostachya,  Torr. 
B.  racemosa.  Lag. 
B.  rothrockii,  Vasey. 
B ramus  adoensis. 
B.  carinatus. 
B.  unioloides. 
Bulbilis  dactyloides,  Raf. 
Calamagrostis  canadensis. 
C.  conHnis, 
C.  dtibia. 
C.  purpurascens. 
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Calamovilfa  longifolia. 
Carex  straminea. 
Chaftochloa  glauca. 
Chloris  clegans. 

C.  verticillata. 
Dalea  aiopecuroides.  * 

Dasylirion  texanum,  Sotol. 
Deschampsia  caespitosa. 
Eatonia  obtnsata. 
Elensine  austral  is,  Scribn. 
Elymus  glaucus,  Buckl. 
Emotia  lanata,  L. 
Eragrostis  abyssinica,  Teff. 
E.  purshii. 
E.  major. 
E.  neo-Tuexicano, 
E,  pilosa, 

£.  tcnulis,  A.  Gray. 
Erodium  cicutarium,  Alfilaria. 
Euchlaena  mcxicano. 
Glyceria  aquatic  a. 
G.  nen'ata. 
Glycine  his  pi  da. 
Glycynliza  Icpidota. 
Hi! aria  ccnchroidcs. 
H.  jamcsii. 
H.  rigida. 
Hordeum  adsccndens. 
H.  bulhosnm. 
H.  chilense. 
H,  pratensc. 
Hosackia  purshians. 
Kocleria  cristata, 
K.  nitida. 
K.  7'alcsiaca. 
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Leptochloa  imbricata, 
Lycurus  phleoides,  H.  B.  K. 
Lygeum  spartum. 
Melica  altissima. 
Muhlenbergia  racemosa. 
Polygonum  ramosissimum, 
Panicularia  aquatica. 
Panicum  colonum. 
P.  crusgalli. 
P.  frumentaceum. 
P,  texanum. 
P.  virgatum. 
P  asp  alum  dilatatum. 

P.  pubifforium  globrum. 
Pencedanium  sp.  ("Kooma"  from  mountains  in  Persia.) 
Phalaris  arundinacea, 

P,  caroliniana,  Walt. 
Poa  arachnifera. 
Scirpus  atrovirens, 
S,  maritimus. 
Sporobolus  asper. 

S.  cryptandrus. 
S.  heterolepis. 
S.  Wright  a. 
Thcnnopsis  montana. 
Tri folium  beckwithi. 

T.  longipes. 
Tri  tic  urn  viUosum, 
Zoysia  pun  gens. 
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LIST    OF    FORAGE    PLANTS    WHICH     HAVE    PROVEN    THEM- 
SELVES  USELESS  UNDER  THE  CONDITIONS  OF 
CLIMATE  AT  OUR  HIGH  ALTITUDE. 

A ru ndinaria  macrosperma. 

A  triplex  scmibaccata. 

Glycine  hispida. 

Desmodinm  tortuosum. 

Trifolium  incarnatum. 

Polygonum  sachilense. 

Coiv  pea. 

Millet. 

Spurrey — Spergliia  arvensis. 

Serradilla. 
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Variety  Tests  of  Wheat,  Oats  and  Barley. 


BY   B.  C.  BUFFUM    AND   W.  H.  FAIRFIELD. 


The  average  altitude  of  the  agricultural  land  in  Wjo- 
ming  is  said  to  be  about  6,000  feet  and  it  is  certain  that  the 
larger  part  of  the  state  is  inore  than  a  mile  above  the  sea. 
On  the  high  plateaus  the  season  is  very  short  and  we  early 
saw  the  value  of  finding  grain  which  would  produce 
heavy  yields  under  our  conditions  and  ripen  with  certainty. 
The  land  is  fertile  and  grains  succeed  admirably  if  the  right 
varieties  are  planted.  Oats  are  more  extensively  grown 
than  any  other  grains  and  in  order  to  plant  oats  it  has  been 
necessary  for  the  farmer  to  purchase  whatever  was  on  the 
market  for  seed.  Very  often  the  variety  obtained  is  a  late 
one  and  fails  to  ripen  or  to  more  than  partially  mature  a 
crop.  Before  the  farmer  can  be  sure  of  the  greatest  success, 
he  must  raise  seed  at  home  of  kinds  which  are  adapted  to 
the  region.  In  order  to  aid  in  doing  this,  we  have  given  all 
the  varieties  which  we  could  obtain,  tiial  at  Laramie.  In 
1896  Professor  George  Vestal  of  New  Mexico  kindly  fur- 
nished us  small  amounts  of  seed  of  over  400  varieties  of 
wheat,  oats  and  barley.  In  1898  Professor  A.  E.  Blount, 
who  had  collected  grains  from  all  over  the  world  for  many 
years,  and  who  was  himself  the  originator  of  a  number  of 
first-class  varieties  of  wheat  and  oats,  most  generously  sent 
■as  his  whole  collection.  The  wheats  were  planted  in  the 
fall,  but  our  winters  are  too  dVy  for  winter  grain,  and  none 
of  this  fall  planting  lived  over.  We  had  saved  a  part  of 
the  seed  of  every  variety  and  it  was  planted  the  next 
spring.    We  also  received  in  1896  collections  from  Professor 
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K"  H.  McDowell  of  Nevada,  Professor  W.  \V.  Cooke  of  Colo- 
rado, and  others.  Short  rows  of  the  varieties  received  from 
New  Mexico,  Nevada  and  Colorado  were  grown  on  the  Ex- 
l>eriment  Farm  in  1896  and  1897  and  the  collection  received 
from  I'rofessor  Blount  was  grown  in  1898  and  1899.  The 
results  are  reported  in  the  following  tables,  from  which  the 
Tarieties  which  are  most  promising  for  larger  field  trials 
mav  easilv  be  selected. 

In  ISOfi  all  the  wheats,  oats,  and  barleys  were  planted 
April  20  to  24;  in  1897  on  May  1;  in  1898  on  April  16,  and 
in  1899  on  May  6.  A  killing  frost  usually  occurs  about  Sep- 
tember 10,  so  that  varieties  that  are  not  nearly  matured  at 
this  date  do  not  make  a  profitable  crop. 

Table  I. —  Wheat,  i8g6. 

This  gives  the  results  of  wheats  grown,  from  seed  furnished  by  Professor  Vestal  of  Nemr 
'Mexico,  during  the  season  of  l^i06.  One  row  50  feet  long  of  each  variety  was  planted.  The 
rows  were  18  inches  apart. 
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1 

2 
3 

4 
5 
6 
7 
8 
9 
10 
12 

a:j 

14 

i« 

17 
18 
19 
^ 
21 
"22 
25 
2« 
28 
29 
30 
31 


NAME 


Minnesota  Fife  . 
White  Fife  .  .  . 
Sherman  .  .  .  . 
White  Russian  . 

Odessa 

Eldorado  .  .  .  . 
Soft  Australian  . 
Defiance  .  .  .  . 
Champion  .  .  . 
Oregon  Club  .    . 

Sonora 

White  Mexican  . 
Improved  Fife.  . 

Brooks 

Rio  Grande.  .  . 
Canada  Club  .    . 

Judkin 

Lost  Nation.  .  . 
Tourclle  .  .  .  . 
Australian  Club 
China  Tea   .   .    . 

Chili 

Egyptian  .  .  .  . 
Saxon  Fife  .  .  . 
Dominion.  ,  .  . 
Prussian    .    .    .    . 
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feet 

c 
feet 

2E> 

lb$^    oz. 

Ihs.oz. 

July  28 

Sept.  14 

3.6 

0.32 

10    14 

2  14 

Aug.  8 

"      18 

3.9 

0.35 

12      7 

3    9 

July  25 

••     12 

3.7 

0.3 

14      7 

4    5 

•'  2r 

.     "      1* 

3.5 

0.28 

12     1 

3  12 

••      14 

3.45 

0.36 

12    12 

1  14 

"    27 

"      14 

4.0 

0.26 

8    14 

2    5 

Aug.  1 

••      15 

3.86 

0.3 

8    10 

2  15 

July  29 

"    25 

.'     12 

3.7 

0.35 

14      5 

4    1 

••     18 

3.4 

0.26 

10    14 

3    4 

"     14 

3.0 

0.3 

6      9 

2    9 

••    27 

••     18 

3.55 

0.35 

11      7 

5  11 

••     15 

3.6 

0.3 

10      4 

2    7 

Aug.  1 

••     16 

3.6 

0.3 

9      5 

2    7 

July  29 

"      14 

3.6 

0.35 

13      3 

1    7.5 

•'    Zi 

•'     11 

3.3 

0.27 

23      9 

5  10 

"    29 

"      15 

2.65 

0.36 

10      3 

2  \y\ 

Aug.  10 

••      14 

3.75 

0.4 

13      7 

3    6 

••     12 

3.75 

0.3 

15      7 

4    8 

July  29 

"     1($ 

3.75 

0.3 

13    14 

4  11 

•'     29 

•'      16 

3.9 

0.4 

10      6 

2  11 

"    29 

"      18 

3.8 

0.25 

10    12 

3    3 

'•    25 

"     15 

3.9 

0.38 

13      7 

3  12 

Oct.  8 

4.0 

0.33 

10      6 

1  15 

•    5 

4.0 

0.35 

1     1 

'*    27 

Sept    12 

3.3 

0.25 

14      6 

4    1 
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Table  I  (Continued).— H7/r^/.  /.?9^. 


NAME 


Golden  Drop 

Pringlc's  No.  6  .   .    .   . 

No.  4  ...   . 

No.  5  .   .    .   . 

Fultz 

Black  Centennial  .   .    . 

Hedgerow 

Granite 

Italian 

New  York  Flint.    .    .    . 

Bald  Baltic. 

Red  Orange 

Hybrid  No.  10  ...    . 

Velvet  Chaff 

Turkey 

Sardonyx  

Amethyst 

Ruby 

Emerald 

Black  Chaff 

Cretan 

Anautka 

Fountain 

Palestine 

White  Chaff  (smooth). 

•'      (bearded; 

Perfection 

German  Fife 

Mammoth 

•Triticum 

Samara 

Durum 

Moscow 

Knapp 

Doty 

White  Michigan   .   .    . 

Rickenbrode 

Red  Siberian 

•Rice 

•Swamp 

•Golden  Medal  .   .   .    . 

•Glass 

•(Jerman  Amber.  .    .    . 

•Wysor 

Dallas 

•Champion  Amber  .   . 

•Finlay 

•Lemon 

•.McGee'sRed    .   .    .   . 

•Bennet 

•Early  May 

•Rocky  Mountain.   .   . 

•Silver  Chaff 

Propoe  

•Small  Frame 


July  31 
Aug.  6 

••      8 
Sept.  16 
July  31 

"  27 
Aug.  'e 
July  29 
Aug.  10 
July  29 

Aug.  13 

July  29 

•*    31 


Aug.  8 
July  27 

"    25 
Aug.  U 

••      « 
July  29 

••    31 
Aug.  6 


July  25 
••    29 

29 
27 


Aug.  8 


July  31 


Sept.  18 
12 
17 
14 

12 

18 
16 
18 
17 
12 
14 
18 
Oct.  8 
Sept.  18 
Oct.  8 
Sept.  15 
••      18 


16 

18 
12 
IS 
18 
14 
12 
Z\ 
12 
Oct.  8 

Sept.  16 
18 
18 
18 
12 
14 
16 
17 


•'      15 
••     26 


'Z 

X 


12 


feet 

3.8 

3.6 

3.88 

3.9 

3.7 

3.9 

3.4 

4.0 

3.85 

3.9 

3.K'» 

3.7 

3.8 

4.2 

3.9 

4.2 

3.7 

4.0 

3.4 

4.1 

3.6 

4.0 

4.15 

3.7 

3.4 

3.55 

4.0 

4.0 

4.5 

4.1 

3.6 

3.6 

3.7 

3.:« 

3.5 

3.5 
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Aft 

0.3 

0.3 

0.34 

0.35 

0.33 

O.Xi 

0.14 

0.35 

0.28 

0.3:^ 

0.3 

0.36 

O.a'S 

0.35 

0  3 

0.4 

0.3 

0..34 


0.25 

0.2 

0.3 

0.35 

0.3 

0.33 

0.3 

0.4 

0.»> 

0.27 

0.3 

0.3 

0.27 

0.3 

0.3 

0.33 

0.:i5 
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10 
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oz 

4 
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3 

10 

9 

5 
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2 

5 

9 

s 

14 

9 
1 
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0.3        10      1 
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16 
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9 

11 
14 
13 
17 
13 
11 
9 
17 


« 
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2 

5 
4 

15 

^ 
t 

14 

11 

3 
3 

:^ 

11 
6 
6 


.5'c 
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Ibs.oz. 
4    S..**. 
4 

3  11. 
3    6 

3  » 

4  7 

3  It 
4 

5  K 

5  la 

3  7 

4  12 
1  3 
4  1 
1  12 
3  1 
1  13 

I    f* 


3 
4 
4 
4 
4 
5 
4 
4 
1 

5 

4 

5 
3 
2 
2 
,3 


U 
3 

9 

6. .'Si 

9 
•> 


4^ 

3 
4 
6 

U 
% 
5 

11 


4.26  I  I 

3.6    \  0.34  I  10      9     2  10^ 

4.2    I  0.3 


3.7    !  0.3    I  13      1     4 


•This  is  a  winter  variety. 
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Table  I  (Continued). —  M^/ieat,  i8g6. 


112 

iLi 
lu 

116 
117 
118 

no 

120 
122 
123 
124 
125 
12rt 
127 
131 
132 
133 
134 
l:j6 
137 
13H 
130 
144) 
145 
146 
147 
14S 
140 
150 
151 
152 
ISi 

156 
157 
15S 
160 
162 
165 
16S 
160 
170 
171 
1?2 
\7.\ 
174 
176 
177 
17H 
170 
180 
181 
182 

I8:j 
1H4'2 


NAME. 


♦Red  Clawson    . 
♦Yellow  Missouri, 

♦Walker 

♦Zimmerman  .   . 
Big  May  .... 

Sardiui  

Chrysolite.  .   .    . 

Beryl 

Jacinth 

Carnelian.   .    .    . 

Aeate 

Onyx 

Opal 

(Jarnet 


Q 


a 

%i 

^* 
c; 

Q 


July  31 
•*  29 
"    27 

"    23 

Aug.  6 


Casaca 

Califal 

Tuscan 

♦Essex 

♦Pearl 

♦Hunitr's  Winter  .    . 
White  Chaff.   .   .   . 
Square  Head  Essex. 

♦Gold  Drop 

Red  Oregon  Club  .  . 

Hedgerow 

Aowsc 

Monmouth  .    .    .    •  . 
Russian  (Spring).  .    . 

Vermillion 

Smoky 

Ed  n  on  Fife  .   .   .    . 

N'ox  No.  2 

••     No.  1 

•^  o.  o 


July  25 


Aug.  6 
•*  8 
July  25 
"  31 
Aug.  8 
July  27 
Aug.  M 


No.  5. 


Pringle's  No.  17.    .    .    . 

Wales 

Northcote's  White.  .    . 
♦Cat  Mountain  .... 

Bl.^ck  Chaff 

Gneiss 

♦Velvet  Amber  .... 

♦Hebron 

Quartz 

♦White  Mediterranean 
Red 

Nebraska 

While's 

♦Kivet 

Rust  Proof 

Baltimore 

♦Davis 

Purple  Straw 

♦Gold  Premium  .... 


4< 


27 


Aug.  8 


<4 


10 


July  20 

"    20 

Aug.   8 

July  25 

"    25 

Aug.   10 

July  31 

Aug.   8 


July  17 


** 


Oct.  8 
Sept.  14 
18 
16 
14 

17 
16 
17 
16 
17 
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t* 
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15 


18 


"     16 

Oct.  8 

Sept.  16 
"  12 
•«  14 
"  14 
"      14 

Oct.  8 

Sept.  18 
"  15 
"  16 
"  18 
'•  23 
*•  18 
*•      18 

"      12 
•'      16 

Oct.  8 
Sept.  12 

Oct.  7 
Sept.  17 
••     12 

'•     16 
Oct.  7 

Sept.  16 


'iJ 

X 


/r,i 


4.5 

4.6 

3.0 

3.3 

3.45 

3.7 

4.0 

3.8 

3.55 

3.8 

4.0 

3.6 


3.0 


3.8 

3.0 

4.0 

4.0 

3.8 

3.4 

3.7 

4.0 

3  65 

3.7 

3.0 

3.0 

3.0 

3.75 

3.7 

4.0 

3.0 

4.1 

53 
3.0 
4.6 
3.5 
4.0 
4.2 
3.8 
3.0 
4.0 

3.6 

3.7 


R 
V 

JS 

«*« 

o 

M 

c 


/e,i 


0.3 

0.33 

0.3:i 

0.38 

0.35 

0.3 

0.35 

0.3 

0.3 

0.4 

0.38 


0.27 

0  15 

0.25 

0.35 

0.4 

0.35 

0.35 

0.35 

0.35 

0.33 

0.33 

0.45 

0.4 

0.35 

0.33 

0.35 

035 

0.3 

0.33 

0.3 

0.35 

0.3 

0.33 

0.4 

0.33 

0.3:i 

0.25 

0.26 

0.35 


2*-  O 


•So 


rr "S  o    I  «- 


o5« 

2-0  Ji 
V  s  a 


=2 


/6s. 


8 
10 
18 
10 
14 


15 
13 
13 
13 
11 


I 


16 
10 
11 

14 
10 


at. 


15 

8    11 
15      6 


9 
5 

9 

8 
8 

7     3 

9    13 

14      4 


0.27       8    15 


0.33  I  13     2 


10  10 

11  11 
14  11 
16  3 

14  1 
13  13 

15  12 
15  11 
13  13 

6  10 


9 

4 
2 

1 


14    10 
13     3 


16     3 


9     2 
10 


13 
13 


111 

>*-" 

Ih-  cs. 

2   H 

2   1 

4   7 

115 

313 

5   3 

3   5 

4   7 

5   4 

111 

3   4 

1    4 

4    2 

3   7 

2  14 

3  14 

4   4S 

3   3 

4   tf 

4  11 

1  10 

5 

2   « 

4   T 

4   4 

3  10 

4   2 

3   K 

3   9 

4   4 

4  10 

2  fl 

2  13 

112 

2.5 


10     2  I  2  14 


♦This  is  a  winter  variety. 


i 


Variety  Tests  of  Wheat,  Oats  and  Barley. 


c 


185 
l^« 
1H7 
188 
189 
190 
192 
193 
195 
196 
198 
200 
201 
202 
2(Ki 
204 
207 
208 
210 
211 
214 
215 
216 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
229 
230 
231 
232 
234 
235 
236 
238 
240 
241 
242 
243 
244 
247 
249 
250 
251 
&2 
253 
254 
255 
256 


Table  I  (Continued). —  Wheat,  i8g6. 


NAME 


*Earnhardt 

Wintcrgrccn 

*Si.  Ledger 

Cheshire 

♦Hunter's  Spring  .... 

•Oakchott's 

Geigcr 

Hornblende 

Edmenton 

Winnipeg  Russian    ... 

Winnipeg 

Hallett's  Pedigree.  .   .   . 

Sible/s  No.  1 

♦French  Black  Chaff  .   . 

Rural 

Velvet  Club 

Whittington 

Snowflake 

Tagarog 

•Michigan  Amber.   .   .   . 
•Missouri  Turkey.   .   .    . 
•        "         Mediterranean 
•California  Walker  .   .    . 

•India  Red 

Andrus  Black 

•Mediterranean  Hybrid. 

♦Andrua  Flint 

Saskatchewan 

Rye 

Frankenstein 

March 

•Flanders 

Flourclle 

Circassian 

White  Velvet 

Verplank 

•Fenton 

Wicker  .• 

•Hopetown 

Talavera 

Shumaker 

Snake  River 

Red  River 

Upland 

Hard  Manitoba 

Santa  Fc  

♦Ostcry 

Democrat 

•Buckeye 

•Nigger 

Armstrong 

Landrtfth 

•Red  May 

Tasmanian  Red 

•Wild  Goose 


•a 

V 


Q 


July  29 

Aug.  8 

*•      6 

••      6 


July  29 
Aug.  6 

••      6 


July  31 

Aug.  8 


July  3 
Aug.  6 
July  31 
"    29 


31 


Aug.  6 

"      8 
July  29 

*•    25 

Aug.  6 
July  27 
Aug.  6 


19 


Q 


Oct.  6 


Sept.  14 

•'  16 

"  12 

'•  18 

'•  16 

••  18 

•*  16 

"  18 
Oct.  7 

••  8  ^ 
Sept.  18 

"      18 


Oct  8 


Sept.  12 
*•  12 
"  12 
'•     18 

Oct.  7 
"    7 

Sept.  18 
Oct.  7 

Sept.  16 

"     14 

Oct.  6 

Sept.  12 
"  14 
•'  12 
"     18 


Not  harv 


M 

X 


feet 
4.6 

3.9 

3.35 

4.1 

3.9 

3.9 

4.1 

3.8 

4.4 

3.7 

4.25 

3.85 

4.2 

3.8 

4.0 

3.0 


4.2 


3.8 

4.5 

3.8 

3.75 

3.5 

3.85 

3.7 

3.55 

3.26 

3.45 

3.8 

4.15 

3.6 

4.0 

3.5 

2.85 

3.85 

4.1 


ested 


a 


/ett 
0.33 

0.36 

0.25 

0.35 

0.3 

0.28 

0.23 

0.3 

0.27 

0.3 

0.3 

0.35 

0.33 

0.3 

0.33 

0.3 


0.3 


o.:« 

0.35 

0.35 

0.33 

0.33 

0.3 

0.3 

0.33 

0.3 

0.32 

0.3 

0.45 

0.35 

0.33 

0.27 

0.33 

0.3 

0.35 


o22 


ll>s.   oz. 
7      1 


10  11 

15  8 

14  2 
10  15 

15  6 

16  8 
7  14 


15 
6 
1 

14 
21 


9 
1 


4 

8 


17    12 


16  15 

14  7 

14  15 

12  7 

5  13 

12  15 
14  1 

7  4 

9  9 

14  9 

13  3 
13  6 

9  6 


2 
4 


9    10 


.S'S 
2- 

t 


72  2  I 


Ibs.ot. 
15 


3 
4 
4 

2 
5 
4 
1 

4 

1 

4 

6 


4 
11 
2.5 
15 

4 
10 

5 

10 
1 
9 
2 
2 


1    7 


4  14 
2  14 
4  1 
4    9 


9 

5 

4 

11 


2  14 


4 

2 
3 
3 
2 

6 


2 
1 
4 
2 
7 
12 


*Thi$  is  a  winter  variety. 
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Wyoming  E^permetU  Btatiom, 


c 
Z 


267 
250 
260 
261 
2(» 
264 

2m 

266 
268 
269 
270 
272 
275 
276 
277 
278 
2H0 
283 

2SK 

2»1 
2!»2 

an 

207 
290 

-m 
im 
ao» 

3(H 
305 
306 
307 

:m 

310 
310 
321 
.•J28 
:»1 
;«2 

333 

:o4 
:m 

337 

:u\ 

342 
343 
:iH 
347 

348 

:u9 

:ir>8 
;i59 
:«» 

361 
363 


Table  I  (Continued). —  IVh^at,  i8g6. 


NAME 


•Treadwell 

•Arnold'*  Hybrid.    .    .    . 

*Boyer .    .    , 

•Canadian  ExprcM  .    .    . 

♦Emporium 

•Hickman 

•Lincoln 

Michigan  Wick 

•Powers 

•Red  Sea 

•Roger's 

•Scott 

•White  Rose 

•Menomite 

•Soule's. 

•Hungarian 

Uxbridge 

Rust  Proof  (soft)  .  .  .  . 
Dand  Khan  No.  2.  .  .  . 
•While  Mountains   .   .    . 

•Fulcastcr 

•Raub's  Prolific 

•Crete 

•I'appahannock 

Basalt 

Flourspar 

Granite 

Platinum 

Porcelain 

Silica 

Trap 

Poors  Red 

♦Early  Rice 

Deitz  Red 

"      Amber 

•Gold  Dust 

Weeks 

Hoover 

•Winter  Pearl 

•Valley 

Early  Oakley 

(ienoese 

•Martin's  Amber  .    .    ,   . 

Indian 

♦Sheriff  (four-rowed).  .    . 

Baart 

Ward's  Prolific 

Roseworthy 

Australian  Purple  Straw 

•Landrelh 

Rattling  Tom 

Volo 

Missogcn 

Atlanti 

Sadoza 


V 


July  31 
Aug.   10 
July  17 


Aug.  6 
••      6 

••      8 
July  17 

Aug.   10 


"      6 
July  31 

••    25 

Aug.  6 

••      10 

July  31 
"    23 


«< 


17 
27 


Q 


Sept.  12 


Oct.  8 


Sept.  12 
«•  12 
•*      18 


Oct.  8 
Sept.  14 
"     16 

"      18 
••      12 

Oct.  8 

Sept.  17 

Oct.  8 

Sept.  17 
Oct.  7 


Sept.  18 
"      18 

"     14 


12 

16 

5 

15 


18 
15 

Oct.  6 

Sept.  18 
"      16 


Z 

X 


V 


01 

c 

V 


=    3   * 

^   *.    * 


=  c 


at  fc 


/erf  I  /eet    lbs.   cz.  tbs. 


3.5 


4.1 

3.9 
2.5 


4.0 

4.3 

3.8 

3.65 

3.5 

3.9 

3.25 

4.25 

3.6 

4.3 
l.li)6 

3.15 
3.7 

4.3 
4.1 
3.55 

3.5 

3.2 
3.4 
1.9 
3.6 

4.0 

3.8 

4.15 

3.25 

3.7 


0.3 


4.1       2.3:^ 


0.3 
0.3 
0.3 


0.27 

0.33 

0.33 

0.33 

0.27 

0.38 

0.3 

0.35 

0.33 

0.33 
0.33 

0.3 
0.32 

0.4 

0.33 

0.35 

0.25 

0.28 
0.33 
0.25 
0.3 

035 

0.2 

0.43 

0.2 

0.3 


1 
18 


8 
10 
17 
10 
14 


10 


14 


2  II 
2  4  14 
9      2 


9 

10    10 
8      4 


1  8 

2  8 
-> 

1  13 


12 
6 

6  2 
5  117 
14    4 


8  15 
13  15 

9  11 
12  14 


1  15 
1     1 

a    9 

3    8 


14      2  1   2  15 
14    15  '   4  10 


3    T 


14  15  5  10 
8  12  a  5 
6  13  I  2    7 

15  10  1  4  15 


14      4 
12      2 
12 
15 
5    15 


3  10 

2  15 

3     3  5 

2  16  4 

1  5 


♦This  is  a  winter  variety. 


Yariety  Tests  of  Wheat,  Oats  and  Barley, 


i> 


Table  I  (Continucd).- 

-H^heat,  1896. 

\h 

.S'S 

•o 

V 

JB 

w  4, 

NAME 

1 

it 

0 

0  £« 

tea 

d 

V 

Q 

V 

Q 

.2f 
'Z 

X 

a 

«   Co 

lbs.    oz. 

Yield 
from 
row 

feet 

feet 

ihs.oz. 

354 

Curtis' White 

July  27 

Sept.  14 

3.6 

0.35 

8    14 

2    4 

387 

•Improved  Rice 

368 

•Currat'8  Prolific 

370 

•E^ptian  No.  1 

•Poflard 

386 

387 

Russian  Hard 

388 

•Carter's  A 

4.0 

0.25 

389 

•      "         B 

390 

•      ••        C 

301 

•      "        D 

302 

•      "         E 

396 

•      "          1 

397 

•      ••         J 

:m 

•      «'       K 

•109 

•Northcotc's  Amber 

400 

Algerian  No.  1 

••    27 

"      10 

3.95 

0.3 

11      4 

5    » 

401 

••       No.  2 

••    25 

••     12 

3.4 

0.2 

11      3 

4  14 

402 

"       No.  3 

Oct,  8 

4  4 

0.33 
0.35 

12      8 

2    1 

403 

•Reiti 

••    8      I  3.5 

404 

♦Galland  Hybrid 

405 

Zeland 

Sept.  17 
*•     12 

3.65 

3.7 

3.4 

0.4 
0.35 

9    14 
11    10 

2  12 

406 

Lanneurde  Mars 

3 

409 

Mold's  Red 

411 

•Hungarian 

3.25 

2.25 

412 

Prize 

"    25 

••     16     3.95 

0.27 

9      1 

2  11 

413 

Little  Wonder 

••      18 

3.55 

0.3 

14    10 

4    5 

414 

Champion 

••    27 

•'      17 

3.56 

0.3 

12    13 

3  15 

416 

Oakshoi's  Champion 

••    27 

••      16 

3.55 

0.33 

13    15 

4    8 

417 

•Incomparable 

419 

McDowell 

•*    27 

••     12 

3.6 

0.27 

10      6 

5    8 

420 

Young's 

*•    27 

"    17 

Aug.   8 

*•     12 
'•     23 

4.0 
2.85 
3.4 
3.8 

0.3 
0.27 
0.17 
0.3 

19      2 

9 

8      9 
19      7 

7  10 

421 

California  Red 

3    9 

422 

Little  Club 

3    6 

425 

Purple 

5  13 

436 

Tuscan 

"      6 

July  25 

••    25 

"      16     3.8 

o.a^ 

0.35 
0.3 

9    14 
15      6 
12      3 

2  15 

427 

Jubilee 

••      16 
«•      15 

3.6 
3.75 

4  11 

428 

LeaKe's 

3  12 

431 

Rodi 

••     12 
"      14 

3.0 
3.0    i 

0.3 
0.27 

12      5 

8    10 

4    8..^ 

432 

Dern •     .    . 

3    1 

433 

Baggi 

"    25 

"     17     2.6 

0.2:1 

5      6 

2    0 

434 

Ratti 

*•     14     3.0 

0.25 

8 

3    1 

4:t5 

Dorin.       

"      15     2.0 

0.22 

9      H 

3    8 

437 

Walu 

"      15     2.9 

0.25 

8      2 

3    3 

4:» 

Lohi 

*•      18     3,0 

0.25 

8      7 

2  14 

4:^9 

Khel 

"    25 

'*     16 

2.7 

0.26 

7      1 

3    1 

440 

Shega  

••    22 

"     16 

3.0 

0.28 

7    15 

3    4 

441 

Awal  No.  1 

••    17 
*•    23 
*•    25 

••      12     ?  fl    1 

0.2 
0.25 

0.28 

9    11 
10    14 

442 

"      No.  2 

"      18 
"      15 

2.55 
3.0 

3  11 

444 

Archer's  Prolific 

4    8 

446 

Daub  1 

"    27 

••     17 

4.25 

0.3 

8      5 

2    a 

447 

Farrie's  Durum 

Aug.  8 

*•      18 

3.26 

o.a5 

13    11 

448 

Barwick 

5    1 

449 

•Early  Jasper 

44014 

Samara  Club 

July  27 

"      14 

3.6 
2.75 

0.32 
0.22 

15    14 

7      8 

4  10> 

450 

Bancroft 

3    6 

•This  is  a  winter  variety. 
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Wyoming  Experiment  Station. 


Table  I  (Continued).  H'heat,  i8g6. 


• 

c 
2 

NAME 

1 
o 

fS 

Q 

Q 

'S 

w 

•o 

A 
«f 

X 
«»« 

o 

X 

M 
C 

Yield    of    straw 
and  grain  from 
50  feet  of  row 

.S"o 

il 

<>• 

•s 

452 

Banaier 

July  27 

"    27 

"    31 

"    27 

Aug.  6 

July  27 

July  27 
*•    26 

•'    25 

Aug.  8 

"      8 
July  31 

"    27 

Aug.  6 

••      6 

July  27 

Aug.  8 

July  31 

Aug.  6 

"    10 

"      6 

••      8 

July  29 

Aug.  19 
July  31 

Sept.  18 
"     18 
*•     14 
"     12 
"     18 
"      16 
"     17 

Oct.  6 
"    8 

Sept.  16 
*•     18 

"     16 

Oct.  6 

Sept.  16 

Oct.  6 

Sept.  16 
"  18 
••  12 
*'     17 

"     17 
"     18 
••     15 
••     18 
••     16 
•*     16 
"     18 
••-  16 
*•     16 

Oct.  8 

SepL  15 
Oct.  7 

3.8 

3.1 

3.25 

4.1 

3.75 

3.8 

3.2 

3.9 

3.5 

3.9' 

3.7 

4.0 

4.0 

4.15 

3.85 

4.5 

3.8 

3.9 

4.2 

3.75 

3.26 

3.6 

3.2 

3.7 

3.9 

3.9 

3.6 

4.0 

3.5 

3.75 

3.75 
4.5 

3.15 

/ett 

0.24 

0.23 

0.25 

0.28 

0.33 

0.3 

0.42 

0.2 

0.35 

0.3 

0.3 

0.35 

0.35 

0.23 

0.36 

0.25 

0.33 

0.3 

0.35 

0.4 

0.35 

0.16 

0.3 

0.25 

0.33 

0.35 

0.3 

0.35 

0.35 

0.25 

0.3 

0.3 
0.4 

0J33 

lis, 
16 
17 

8 

n 

L5 
14 
9 
11 
17 
21 
13 

14 
14 
15 
15 
15 

13 
10 
9 
11 
10 
15 

11 
9 
9 
8 

14 

12 

OS. 

n 

7 

15 

10 

7 

13 

14 

1 

2 

2 

15 

1 
4 

4 

14 

1 

5 
3 
15 
12 
5 
1 

10 

10 

8 

2 

6 

13 

1    6 

453 

Pares 

5   4 

454 

Cape         

2  11 

456 
457 

Hudson's 

Murrav  River 

4  0.5 

5  8 

458 
460 
461 

Green  Mountain 

Cordova. 

Little  Club 

4  13 
2   6 
2  14 

463 

Carter's  1 

2   6 

464 
465 

Laird's  Prolific 

Borneo 

3  8 

4  12 

467 

468 
470 

♦Veneta 

♦Varlsotta 

Belolourka      

4   8 

471 

Reiti2 

1  13 

4?2 

47BJ^ 

481 

^98 

Bordeaux 

Gypsum  Fleck 

Northern  Champion 

3  12 

3   4 

5  13 

7 

484 

4    1.5 

485 

3    6 

487 

3   5 

492 
495 

Frames 

312. 
3   4 

496 

2   3 

498 

7 

499 
500 

Large  Purple  Straw 

4   5 

2  10 

501 

3   3 

50:^ 

2   6 

505 

4   6 

508 

♦America 

509 
511 
512 

♦Russian  Hard 

•Patagonia  Trigs 

♦McCreean 

513 

•Farquhar 

^14 
515 
516 
517 

•Canadian  Wonder 

•Bearded  Monarch 

•Badger 

Andrus 

518 
520 
521 

♦Big  English 

♦German  Emperor 

♦Lehigh 

522 

Lebanon  

3  12 

524 

525 

♦Rudy 

♦Witter 

2 

526 

•Wyandot  Red 

,527 

•Early  Ripe 

528 
529 

♦Gypsy 

♦Golden  Cross 

530 
5:U 

♦Jones'  Square  Head 

♦Johnson's 

532 

♦Longberry 

5:« 

-534 

♦Miller's  Prolific 

♦Roberts' 

♦This  is  a  winter  variety. 


Variettf  Tests  of  Wheat,  Oats  and  Barley. 
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Table  I  (Concluded). —  IVAea/,  i8g6. 


• 

« 

"0 

^E 

.So 

-0 

JC 

stra 
1  fro 
row 

4> 

T3 

B«. 

•»• 

NAME 

c« 
JB 

jC 

o 
•5 

•SB! 

*s 

• 

o 

Z. 

Q 

V 

Q 

Ml 

e 

Yield 
and 
50  fe 

Yield 
from 
row 

/''i 

A'^ 

ibx.   oz. 

ids.oz. 

535 

♦Smith*!  White 

Xi? 

•Wisconsin  Triumph 

538 

•Willets 

5W 

*Yuva 

• 

Ml 

*Odessa  No.  J 

542 

•      **       No.  2 

543 

•      ••       No.  3 

M4 

♦      ••       No.  4 

•This  is  a  winter  variety. 


Table  W.—lVheat,  iSgy, 

This  gives  the  results  of  the  second  year's  trial  of  all  the  varieties  reported  in  Table  I 
which  matured  seed  in  1806.  One  row  50  feet  long  of  each  variety  was  planted.  The  rows 
were  18  inches  apart. 


o 
Z. 


1 
2 
3 
4 
5 

6 

I" 
t 

8 

9 

10 

12 

13 

14 

16 

17 

18 

19 

20 

21 

22 

25 

36 

28 

29 

:» 

31 


NAME 


Minnesota  Fife  . 
White  Fife  .  .  . 
Sherman  .  ,  .  . 
White  Russian  . 

Odessa 

Eldorado .  .  .  . 
Soft  Australian  . 
Defiance  .  .  .  . 
Champion  .  .  . 
Oregon  Club  .   . 

Sonora  

White  Mexican  . 
Improved  Fife    . 

Brooks 

Rio  Grande  .  ,  . 
Canada  Club  .  . 

Judkins 

Lost  Nation.  .  . 
Touzelle  .  .  .  . 
Australian  Club 
China  Tea  .    ,    . 

Chili 

Egyptian  .  .  .  . 
Saxon  Fife  .  .  . 
Dominion.  .  .  . 
Prussian    .    .    .    . 


•o 
it 

•o 

M 
V 

c 

Q 


J 


uly  28 

••  28 

••  22 

"  20 

"  38 

••  20 

"  28 

"  22 

••  28 

"  13 

•*  28 

•*  2H 

28 
20 


*t 

%» 
<• 
•« 
t< 

<4 
tt 
«. 
a« 
44 
•  • 


22 
20 
20 
22 
20 
22 
22 
28 
28 


a 


Sept.  28 
•*  30 
••  22 
'•  22 
"  21 
••     24 

Oct.  2 

Sept.  23 
••     28 
Oct.  2 
Sept.  30 

**      23 

44  21 

"  23 

"  28 

"  28 

Oct.  2 

Sept.  23 

••  23 

•*  23 

"  24 

•'      21 
.4     24 

"     29 


3.62 
3.59 
3.55 
4.25 

4.2 

3.7 

3.6 

3.62 

3.72 

3.62 

3,6 

3.93 

3.88 

3.75 

3.4 

3.7H 

3.75 


IT. 

•a 
tt 


o 

bfi 

O 
V 


0.29 

0.31 

0.25 

0.25 

0.29 

0.3 

0.36 

0.39 
0.3 
0.26 
0.29 

0.45 

0.37 

0.33 

0.33 

0.36 

0.27 

0.29 

0.3 

0.33 

0.26 

0.33 

0.31 

0.23 


•~  '3  O 
"^   w  ** 

i>  Co 


iin.  oz. 
10 

1  13 

2  3 
16  10 
13  5 

2  1 

12  12 
9  6 
1  6 
1  9 

13  13 

8  8 

18  2 

11  14 


1 

10 
15 
14 
12 
1 
9 
16 


12 
3 
3 

4 

5 

8 


Yield    of    grain 
from  50  feet  of 
row 

. 

9 
u 

.C 

bc 

I 

lbs.   oz. 

Ihs. 

2    10 

62 

15 

54.5 

1      6 

60.5 

2    14 

60.5 

3      7 

,58.5 

1 

54 

3      1 

57.5 

1    14.5 

57.5 

4 

49 

12 

52.5 

2    15 

58 

1      1 

3      9 

57 

3      2 

59 

13 

57.5 

3      4 

61.5 

3    14 

fA 

3    13 

62 

2    14 

57.5 

15 

60.5 

2      1 

55.5 

1    11 

50 

12 


Wyoming  Experiment  Station. 


Table  II  (Continued). — Whfat,  iSgy, 


o 


32 
3B 
34 
36 
38 
40 
41 
42 
43 
44 
45 
48 
51 
54 
55 
56 
57 
58 
59 
62 

6:^ 

64 

70 

71 

72 

TA 

74 

76 

77 

78 

80 

SI 

82 

84 

85 

87 

89 

90 

91 

98 

100 

102 

106 

107 

110 

117 

118 

119 

120 

122 

123 

124 

125 

126 

127 

128 

131 


NAME 


Golden  Drop 

Pringle's  No  6.  .   .   . 

No.  4.  .   .   . 

««         No.  5.  .   .   . 

Fult2 

Black  Centennial   .   . 
Hedgerow ..'.... 

Granite 

Italian 

New  York  Flint  .   .    . 

Bald  Baltic 

Red  Orange 

Hybrid  No.  10  ...    . 

Velvet  Chaff 

Turkey 

Sardonyx    

Amethyst 

Ruby 

Jasper 

Emerald 

Black  Chaff 

Cretan 

Anautka 

Fountain 

Palestine 

White  Chaff  (smooth) 
•«  *•     (bearded) 

Perfection 

German  Fife 

Mammoth 

Samara 

Durum 

Saratov 

Moscow 

Knapp 

Doty 

White  Michigan.    .    . 

Rickenbrode 

Red  Siberian 

German  Amber  .    .    . 

Dallas 

Finlay 

Early  May 

Rocky  Mountain.    .    , 

Propoe  

Big  May 

Sardius    

Chrysolite 

Beryl.  .  ' 

Jacinth 

Camelian 

Agate 

Onyx 

Opal 

Garnet 

Tourmaline       .... 
Ca'inca 


T3 

M 

JB 


Q 


July  22 
28 
28 
22 
28 


4< 


20 
22 


it 


22 

22 

'•    22 

♦'    22 

Aug.   2 

July  28 

Aug.  6 

"      2 
July  22 


28 
20 
20 
22 
22 
20 
22 
28 
22 
28 
22 
22 
20 
28 
20 
20 
28 
28 
28 
Aug.  6 
July  31 
*'  28 
"  28 
Aug.  2 
July  28 
Aug.  6 

July  22 

•'  28 

••  25 

'*  28 

••  22 

"  28 

"  28 

"  31 

•'  28 

••  .31 


4< 
«t 
tt 
« 
(> 
<< 
H 

4 

<• 
tl 

•  • 
<< 


a 


V 

Q 


Sept.  25 
••  29 
"  29 
"     29 


f « 


25 
25 


"  28 

"  22 

"  21 

»'  25 

Oct.  2 
•    2 

Sept.  29 
"     28 


<4 
tt 
<< 
tt 
(< 
tl 


23 

23 
oo 

25 
^ 
21 
22 
28 
25 
*•     28 

Oct.  2 

Sept.  24 
21 
28 
28 
24 
30 
21 
29 

"     23 

"     24 

Oct.  9 

Sept.  29 

Oct.  9 
"    2 

Sept.  23 
24 
28 
23 
24 
28 
28 
25 
22 
23 


t, 
<< 

44 
(< 
<• 
|( 
<< 


<< 
t, 
tt 
tt 
tt 
»l 
<• 
<• 
«< 


'v 

X 


feet 

4.12 
4.32 
3.3 
3.52 

3.26 
3.56 

3.9 

4.1 

4.0 

4.0 

4.07 

4.17 

4.5 

3.49 
4.5 

4.0 

4.07 

3.58 

3.5 

3.87 

3.55 

3.26 

4.27 

3.7 

3.72 

3.4 

3.55 

3.4 

3.75 

3.62 

3.68 

4.1* 

3.4 

4.14 

3.65 

4.02 

3.58 

3.4 

3.58 

4.3 

4.15 

3.67 

3.5 

3.59 

3.65 

3.75 

3.65 

3.S2 

3.97 

4.14 

3.69 

4.15 


i> 

.»• 

o 

c 

0.35 
0.29 
0.34 
0.33 

0.14 
0.26 

0.3 

0.39 

0.37 

0.35 

0.36 

0.29 

0.38 

0.36 
0.35 


-i  o 

o  5  c 

"   u  •- 

.5!  =2 


.5o 


lbs 
13 
15 

18 
18 


oz. 
8 
1 
2 


18  15 
14  9 

8  9 

12  10 

19  14 
1  1 
1  8 
1  4 


lbs. 
2 
1 
2 
2 


0Z 

6 
16 
15 
15 


I      -r 


_31 

-"5 

Ihs. 
56.3 
51  5 
53.5 


3      8  5   .i3.5 
3    13       57.5 


2 
3 


1 
19 


9 
6 

6 
4 
H 
4 


9 
3  i  3 


58.5 
61 

57.5 
43 
55 
.54.5 


12       51 

tf        58 


0.35 

15 

13 

1 

14 

a» 

0.24 

11 

15 

3 

1 

62 

0.25 

12 

65 

0.3:1 

17 

12 

4 

11 

61.5 

0.27 

15 

12 

3 

8 

59.5 

0.23 

1 

13 

1 

2 

0.25 

1 

4 

11 

m 

0.28 

17 

i 

3 

6  5 

.16 

0.4 

18 

4 

1 

»i3 

o.:« 

8 

11 

1 

13 

58 

0.33 

1 

5 

15 

60.5 

0.18 

11 

4 

3 

6.5 

60 

0.3 

1 

9 

1 

61 

0.28 

4 

5 

2 

4.5 

60.5 

0.28 

i: 

6 

3 

5 

.5«» 

0.31 

16 

8 

2 

14 

m 

0.27 

1 

12 

14 

36 

0.3 

0.32 

1 

6 

12 

.^.5 

0.3 

0.3 

14 

14 

2 

11 

.t9 

o.:io 

O-.^i 

2 

0.33 

4 

.52 

0.31 

22 

14 

1 

54 

0.3 

5 

10 

3 

47 

0.31 

1 

9 

9 

59.5 

0.3 

14 

4 

3 

5 

61.5 

0.26 

10 

2 

.58.5 

0.35 

10 

10 

tt 

8.5 

52 

0.32 

12 

1 

13 

0.23 

5 

14 

1 

8 

.58K 

0.26 

11 

I 

a 

2 

56 

0.24 

11 

t 

3 

8 

5: 

0.33 

18 

1 

3 

9 

59 

0.18 

1 

9 

1 

1 

61 

0.33 

16 

4 

2 

2  5 

yarieti/  Tests  of  Wheat,  Oata  and  Barley. 


Table  II  (Coniinued).— WAmA  1897. 


Y" 

w 

nglr-s  No.  17 

S"hi;'e'V,di,e..„..„- 

fu 

Pl«  S..a» 

W 

nitrgreen,   

Mi.s™ri  Turkey, 
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Wyoming  Ewperitnent  Station. 


Table  II  (Continued). —  Wheat,  i8gy. 


o 


223 
224 
225 
226 
227 
229 

2ao 

231 
234 
2% 
236 
238 
240 
241 
242 
243 
244 
252 
255 
257 
259 
266 
268 
2H0 
283 
288 
21J0 
292 
299 
301 
302 
303 
304 
305 
306 
307 
309 
319 
321 
331 

3:^ 

3:14 
336 
337 
342 
344 
'Ml 
»J8 
349 
3r)5 
358 
XV9 
360 
361 

:i63 

364 
365 


NAME 


Rye.   ...    

Frankenstein 

March 

Flanders 

Flourellc 

Circassian 

White  Velvet 

Vcrplank 

Wiclcer 

Hopclown 

Talavera 

Shumakcr 

Snake  River 

Red  River 

Upland 

Hard  Manitoba   .    .    .    . 

Santa  Fe 

Armstrong 

Tasmanian  Red  .   .   .    . 

Treadwell 

Arnold's  Hybrid  .... 
Michigan  Wick   .... 

Powers 

Uxbridge 

Rust  Proof  (soft),    .    .    . 
Dand  Khan  No.  2  .   .   . 

Niagara 

Fulcasier 

Tappahannork   .   .    .   . 

Basalt 

Flourspar 

Granite 

Platinum 

Porcelain 

Silica .    .    . 

Trap 

Pool's  Red 

Dcitz  Red 

•'      Amder 

Weeks 

Hoover 

Valley 

Early  Oakley 

Genoese 

Indian 

Baart 

Ward's  Prolific 

Roseworthy 

Australian  Purple  Straw 

Du  Toits 

Rattling  Tom 

Volo 

Mis'iogen 

Atlanti 

Sadoza 

Curtis' White 

Seven  Headed  Red.  .    . 


"O 
V 

V 

(« 
Q 


July  22 
'•    20 

Aug.  6 

July  28 

"    28 


28 

20 
22 

28 
20 

28 
38 
2h 


•< 

€€ 
It 
** 

>< 


Aug.   18 
July  28 


•« 


22 
31 

Aug.  22 

July  20 

'*    22 

"    31 

Aug.  6 

July  28 

•'    28 

*'    22 

*•    28 

♦*    28 

'*    22 

"    S 

••    28 

"    28 

Aug.  6 

July  28 

Aug.  9 
July  28 

•«     '» 

•*    -JO 
20 


<f 


■*  22 

"  20 

"  20 

"  22 


•'    2*> 
••    22 


Sept.  29 
••     25 

28 


*. 


Oct.  9 
Sept.  30 

••      30 

'*     21 
Oct.  2 

••    2 
Sept.  29 
Oct.  2 
Sept.  26 

•'     29 


Oct.  2 
Sept.  21 
"     23 
'•     28 


Oct.  9 
Sept.  25 
••  25 
29 
21 
"  22 
Oct.  2  *" 
Sept.  29 
24 


<< 
<i 


<( 


<i 
<» 

•« 

« 


30 
25 

24 

28 
24 

30 

P 

24 
29 

;« 

28 
24 


J3 

'5 

X 


feet 

4.46 

3.35 

3.42 

3.42 

3.72 

3.91 

4.01 

3.91 

3.81 

3.36 

4.0 

4.21 

4.07 

3.49 

4.27 

3.91 

4.17 

4.08 
4.72 


3.36 

4.2 

3.5 

2.6 

4.0 

3.48 

4.24 

4.1 

3.4 

3.55 

4.07 

4.4 

3.85 

4.06 

4.14 

3.56 

3.72 

4.21 

3.7 

3.57 

3.5 


Oct.  2 


3.75 

3.7 

4.34 

2.0 

3.8 

3  26 

4.0 

4.14 

3.68 

3.81 

3.98 
4.11 


I 

X 

o 

Ji 


0.31 

0.33 

0.26 

0.36 

0.33 

0.33 

0.27 

0.39 

0.23 

0.36 

0.4 

033 

0.35 

0.29 

0.29 

0.31 

0.29 

0.48 
0.39 


0.3 
0.29 
0.33 
0.26 


0.4 

0.26 

0.37 

0.36 

0.3 

0.29 

0.29 

0.31 

0.33 

0.3 

0.31 

0.32 

0.27 

0.29 

0.33 

0.44 

0  3 

0.38 
0.29 
0.43 
0.22 
0.25 
0.26 
0.33 
0.21 
0.32 
0.21 

0.39 
0.31 


lbs.  oz.   lbs.   oe. 
1    13  13 


12      3 
7    17 


6 
2 


1 
1 
1 
1 

18 

9 


16 

15 

17 

1 

1 

17 
14 


11 
12 
11 
10 
9 
1 


1  8 

1  14 

8  12 

9  4 


7      6 
15    14 


2  3 

15  8 

15  5 

14  8 

11  8 
2  4 

13  8 

12  10 

1  11 

2  2 

8  6 

9  11 


2    10.5 
2    10 


2 
1 

1      2 
15 


3 
1 


1 
4 

4 

o 


4 

9 
6 
9 

8 ; 
7 ;  2 


3 
3 
1 


11 

14 

3 

1 


13 

1  3 

2  12 

2      2 


3 
10 
10 
14 
11 
10 
14 


lis. 
56 
62 
62.5 


S 


.^.5 


57.5 

48.5 

54 

57.5 

56.5^ 


52 
61.5 
63 
61.5 


51.5 

ni 

5T.5 
50.5 
5T.5 
61.5 

53 


2     2      3  5.  58.5 


1  2 

2  13 


54 


5      8.5    57 


8 
4 


i  ao 

50 
3d 


3    10       61, i 
3      4     ,  .tO 
10       ^ 
13       54.5 
2    14.5    *n.h 
2      9       57 


11      7     2    10.5   59 

2  1      4     I  5is 


Variety  Tests  of  Wheat,  Oats  and  Barley. 
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Table  II  (Continued).  —  Wheat,  iSgy, 


NAME 


366^ 
389 
396 
397 

398  J4 

400 

401 

401H 
402 

402J4 

403 

405 

406 

409 

411 

412 

413 

414 

416 

419 

420 

421 

422 

425 

426 

427 

428 

431 

431 J^ 

432 

43:^ 

434 

435 

4;i7 

438 

439 

440 

441 

442 

444 

446 

447 

448 

449"-^ 

450 

452 

453 

454 

456 

457 

458 

460 

461 

463 

464 

4«5 

467 


Carter's  B 

I 

••        J 

Algerian  No.  1.  .   .    . 
No.  2.  .   .   . 

*   *  •*   '     No.'  3.  .   .   . 

Rciti 

Zeland 

Lanneurde  Mars  .  .   . 

Mold's  Red 

Hungarian 

Prize 

Little  Wonder  .... 

Champion 

Oakshot's  Champion. . 

McDowell 

Young's 

California  Red.  .   .   . 

Little  Club 

Purple 

Tuscan 

{ubilee 
.eake's 

Rodi 

Dera 

Baggi 

Raiti 

Dorin 

Walu 

Lohi 

Khel 

Shega  

Awal  No.  1 

•*     No.  2 

Archer's  Prolific. .  .    . 

Daub  I 

Farric's  Durum .... 

Barwick 

Samara  Club 

Bancroft 

Banater 

Paroa 

Cape 

Hudson'-? 

Murray  River  .    .    .    . 
Green  Mountain.    .   . 

Cordova 

Little  Club 

Carter's! 

Laird's  Prolific.   .   .   . 

Borneo 

Veneta 


C/l 

\^ 

o 

o 

• 

"O 

ct  o  ^ 

5-5 

be 

V 

3 
J3 

V 

A 

<ft"~  K 

V 

u 

"O 

{« 

a 

O 

o  rt  '^ 
"  u  *< 

o 

%. 

M 

J= 

•c 

.e 

JQ 

bfi  V 

JS 

Q 

Q 

C 

V  Co 

2 
> 

ii 

'Z 

feet 

feet 

lbs.   o%. 

lbs. 

oz. 

/bs. 

July  20 

Sept.  30 

3.78 
5.26 

0.2 
0.26 

1    12 

1 

53 

July  31 

Sept.  23 

4.0 

0.35 

17     4 

i 

8 

Aug.  2 

Oct.  9 

3.81 
3.78 

0.42 
0.33 

4 

5 

July  28 

Sept.  24 

9      9 

1 

4 

61 

"    20 

♦•     22 

3.08 

0.22 

6     4 

2 

0 

"    22 

"     30 

3.39 

0.2 

2     2 

1 

1 

58 

"    31 

Oct.  9 

3.78 

0.35 

4 

2 

49 

Aug.  6 

"    9 

4.24 
3.59' 

0.33 
0.42 

July  31 

Sept.  30 

4.44 

0.37 

1      3 

8 

55 

'•    28 

"     28 

3.75 

0.33 

11      4 

1 

12 

56 

'•    28 

'•     28 

4.0 

0.3 

8      8 

2 

1 

60.5 

♦•    28 

•'     25 

3.88 

0.35 

15      7 

1 

7 

55.5 

"    22 

"     29 

3.45 

0.26 

17      6 

4 

9 

55.5 

"    22 

*'     28 

3.49 

0.21 

12    15 

4 

58.5 

••    22 

•♦     23 

3.62 

0.25 

10     4 

1 

10 

'•    22 

'•     28 

3.85 

0.28 

11    12 

2 

13 

60.5 

"    22 

••     28 

3.69 

0.29 

12    10 

3 

4 

62 

*    20 

"     21 

3.75 

0.23 

2      4 

1 

7 

58.5 

"    20 

**     23 

2.65 

0.29 

9    11 

2 

2 

57 

'•    22 

*'     28 

3.7 

0.2 

8    11 

2 

8 

53.5 

*•    28 

Oct.  2 

4.46 

0.29 

1    12 

14 

55 

*•    20 

Sept.  28 

3.88 

0.3 

10      6 

1 

11 

48.5 

"    28 

"     28 

3.55 

0.25 

10    14 

3 

2 

61.5 

••    20 

"     29 

2.9 

0.27 

1    11 

9 

50 

"    20 

"     21 

2.45 

0.26 

•*    20 

•*     22 

2.53 

0.23 

9      2 

3 

4 

65 

•*    20 

-     29 

3.26 

0.24 

1 

4 

52 

"    20 

••     28 

2.96 

0.18 

9     8 

2 

5 

56.5 

"    13 

••     30 

3.68 

0.23 

51 

•*    20 

"     28 

3.35 

0.21 

6    13 

2 

2 

57 

"    23 

••     30 

3.5 

0.22 

1      4 

4 

51 

"    20 

••     22 

3.26 

0.26 

13 

1 

57 

"    20 

'•     28 

3.30 

0.21 

9    11 

2 

11 

55.5 

"    20 

••     28 

3.16 

0.26 

10    13 

8 

13 

53.5 

"    20 

••     22 

3.2 

0.25 

9      9 

2 

15 

<50.5 

"    25 

-     23 

3.98 

0.29 

10    12 

o 

3 

'•    22 

"     23 

3.5 

0.33 

14      2 

o 

12 

54 

Aug.   13 

Oct.  % 

4.24 

0.3 

10 

3 

54 

July  20 

Sept.  22 

3.15 

0.2 

6    12 

2 

2 

56.5 

"    28 

••     24 

3.85 

0.24 

9    14 

3 

8 

58 

"    22 

"     28 

4.04 

0.24 

12      8 

3 

3 

57 

"    20 

••     23 

3.33 

0.27 

15      1 

4 

3 

59 

*•    28 

"     28 

3.3 

0.33 

4      8 

8 

"    22 

•'     25 

3.62 

0.31 

15      9 

3 

8 

.55.5 

"    22 

•'     23 

3.8 

0.37 

10      8 

1 

8 

••    20 

•'      28 

3.08 

0.13 

11      3 

2 

12 

.58 

Aug.  2 

"     23 

4.0 

0.42 

15    14 

1 

15 

.56 

July  28 

••     2H 

3.88 

0.27 

13    12 

3 

H 

.t6.5 

••    20 

"    2:^ 

3.9 
4.42 

0.3 
0.45 

12      8 

3 

3 

^7.5 

16 
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Table  11  (Continued). —  IVkeat,  i8gy. 


4tfh 

470 

471 

472 

47H«^ 

4H1 

4S3 

4K4 

4K5 

492 

4£I5 

49t< 

401) 

500 

501 

50:i 

5(t5 

525 

526 

540 

543 

544 


NAME 


Varlsttita 

Beloluurka 

Rciii2 

Bordeaux    

(iypsum  Fleck  .   .    . 
Northern  Champion 


Frames 


Large  Purple  Straw   . 


Purple.    , 
Wyandot. 


Odessa  No.  3. 
••       No.  4. 


July 
<• 

Aug. 
<< 

July 


«• 


<< 


Aug 
July 


31 

28 

2 

2 

20 

22 

22 
•» 

20 

22 

22 

2« 
•w 

20 
22 

2S 
22 

28 
.  9 

28 


•c 


Oct.  2 
Sept.  24 
Oct.  9 
Sept.  24 
25 
28 
Oct.  2 
Sept.  25 
••      24 
••      25 
I      *•     25 
.  Oct.  2 
Sept    28 
•'     28 
••     30 
••     28 
•♦     29 
'*     29 
Oct  9 
Sept.  28 


Variety  Tests  of  Wheat,  Oats  and  Barley. 
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Table  III.— WAf<i/.  i8q8. 

This  gives  the  results  of  the  first  year's  trial  of  Professor  Blount's  collection  of  wheats. 
The  varieties  reported  on  in  Tables  I  and  II  were  originally  from  Professor  Bbunt«  but  the 
varieties  reported  in  the  following  table  were  grown  ^m  seed  selected  by  him  personally 
and  furnished  gratis  to  the  Station.  One  row  ten  feet  long  of  each  variety  was  planted. 
The  rows  were  20  inches  apart. 


c 


1 

3 
4 

^ 

.-> 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

IH 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

20 

30 

31 

32 

33 

» 

36 
38 
30 
40 
41 
42 
43 
44 
45 
47 
48 
SO 
51 
52 
53 
54 
55 


NAME 


Minnesota  Fife 

White  Fife 

Sherman 

White  Russian 

Odessa 

Eldorado 

Soft  Australian 

Defiance 

Champion 

Oregon  Club 

Hard  Australian 

Sonora 

White  Mexican 

Improved  Fife 

Russian 

Brooks 

Rio  Grande 

Canada  Club 

Judkin 

Lost  Nation 

Touzelle 

Australian  Club 

Golden  Globe 

Mediterranean  Spring.  .    . 

China  Tea 

Chili 

China  Spring 

Egyptian 

Saxon  Fife 

Dominion 

Prussian 

Golden  Drop 

Pringle's  No.  6 

i'  O,    »    .       ,        .       . 

No.  5 

Winter  Australian 

Full! 

Midge  Proof 

Black  Centennial 

Hedgerow 

Granite 

Italian 

New  York  Flint 

Bald  Baltic 

Illinois  Second  Premium  . 

Red  Orange 

Perkey  

Hybrid  No.  10 

Golden  Chaff 

Mediterranean  Red  Chaff. 

Velvet  Chaff 

Turkey 


V 

•o 

i) 


O 


July  19 
23 
14 
14 
14 
12 
14 
14 
14 
14 
19 
12 
12 
19 
19 
19 
14 
19 
19 
19 
12 
14 
23 
23 
19 
12 
19 
12 
23 
23 
19 
19 
10 
23 
19 
23 
19 
23 
10 
10 
19 
12 
19 
19 
Aug.  12 
July  19 
*  12 
*'  23 
••  14 
"  23 
**  23 
«•     19 


« 

<• 

41 

<t 
<l 

•  < 

« 

« 
«« 
•4 

<« 

•  < 

•  • 
II 
44 
t* 
44 

•  1 
4« 
<« 
4t 
<4 
•4 


*4 
44 
«  t 
•  < 
4* 
»« 
t» 
<4 
44 
<4 
<4 


V 


44 
44 
t< 
44 
.4 
•4 

•  < 

•  4 


Aug.  20 

Sept.    9 

Aug.  27 

"      27 

Sept.    9 

•'       6 

"       2 

"       2 

2 

6 

6 

2 

6 

G 

2 

9 

Aug.  2H 

Sept.    2 

"       9 

"       6 

Aug.  27 

"     29 

Sept.    9 

9 

3 

3 

9 

6 

9 

3 

a 

3 
6 
9 
6 
6 
9 
6 
6 

Aug.  31 

Sept.    6 

6 

'*       6 

*'       6 

"     12 

Aug.  29 

'•     29 

Sept.    9 

Aug.  29 

Sept.    6 

■•       9 

**       6 


«4 
44 
»4 

4t 
t4 


4. 

4t 


4a 
(4 
4t 


M 

'Z 
X 


fitt 

3.4 

2.96 

2.84 

3.1 

3.65 

3.29 

3.0 

3.56 

3.26 

3.29 

3.85 

2.67 

3.3 

3.26 

3.14 

3.2 

3.34 

2. 84 

2.90 

3.29 

2.9 

2.67 

3.1 

3.2 

2.37 

3.28 

3.30 

3.0 

3.1 

2.87 

2.67 

3.0 

3.16 

3.1 

3.23 

2.96 

2.81 

2.74 

2.56 

2.87 

3.13 

2.9 

2.7 

3.2 

3.2 

2.96 

2.67 

3.0 

2.97 

3.2 

2.87 


J3 


J3 
C 


0.36 

0.33 

0.15 

0.36 

0.33 

0.27 

0.35 

0.36 

0.36 

0.33 

0.38 

0.6 

0.35 

0.39 

0.39 

0.47 

9.4 

0.3 

0.43 

0.34 

0.27 

0.3 

0.41 

0.46 

0.33 

0.41 

0.3 

0.36 

0.33 

0.27 

0.26 

0.33 

0.35 

0.33 

0.36 

0.36 

0.3 

0.32 

0.16 

0.34 

0.74 

0.32 

0.35 

0.35 

0.30 

0.-23 

0.34 

0.34 

0.3 

0.39 

0.27 


.r  o 
2- 


oz. 
12 

8 
16 
14 

5 

10 
15 
14 
5.5 

8 

8 
12 

8 

8.5 

7 
16 
14 

8 

6 

9 
11 
11 

9 

0 
11 

7 

6 

8 
10 

9 
11 

6.5 

6 


,7 
5 


6 

9 
12 

9.5 
11 

4 

6.5 

13 

9 

9 
12 

8 

8 

5.5 


3 
A 

u 
V 

a 

M 

bft 


i6t. 

60 

57.5 

63 

63.5 

58 

60 

50.5 

60 

52 

51.5 

61.5 

57.5 

57 

57.5 

54 

63 

62 

57 

54 

68 

58.5 

60 

58 

62 

50 

52.5 

60 

56.5 

50 

61 

61.5 

50 

54 

56 

52.5 

48 

58 

60.5 

58 

62.5 

53.5 

57 

60 

62 

57 

50 

58 

54.5 

56 


*This  is  a  winter  variety. 
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Table  III  (Continued),— IVA^af,  i8g8. 


o 
2 


56 

57 

58 

50 

60 

61 

62 

63 

64 

65 

66 

67 

68 

70 

71 

72 

73 

74 

78 

77 

78 

79 

80 

81 

82 

Ki 

84 

85 

86 

87 

88 

89 

00 

91 

92 

94 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 

111 

112 

113 

114 


NAME 


Sardonyx  

Amethyst 

Ruby 

Jasper 

Sapphire 

Chalcedony 

Emerald 

Black  Chaff 

Cretan 

Andriola  Red 

*•         Amber   .   .    .   . 

Purple  Chaff 

Boughton 

Anautka 

Fountain 

Palestine 

White  Chaff  (smooth).    . 
«•  •'     (bearded)  . 

Perfection 

German  Fife  ...... 

Mammoth 

•Triticum 

Samara 

Durum 

Saratov 

Ames 

Moscow 

Knapp 

Scotch  Fife 

Doty 

Meckins 

White  Michigan   .   .   .   . 

Rickenbrode 

Red  Siberian 

•Heigc's  Prolific   .    .    .   . 

♦Rice 

•Gold  Medal 

•Glass 

•German  Amber 

•Wysor 

Dallas 

•Champion  Amber   .   .   , 

Finlay 

•Lemon 

•McGee'sRed 

•Bcnnet 

•Early  May 

•Rocky  Mountain.   .   .   . 

•Silver  Chaff 

•Blue  Stem 

Propoe  

•Small  Frame 

Red  Clawson 

•Yellow  Missouri 

•Walker 


"O 
V 

V 


c« 


July  28 
..     23 

**  28 
19 
19 
19 
19 
23 
15 
19 
19 
14 
19 
12 
19 
23 
23 

Never  came 
"  19 
••  19 
"  23 
Aug.  31 
July  19 
19 


»* 
<« 
<• 
«• 
<< 
<< 
•  • 
*t 

44 

«< 

•i 
•< 

<« 


23 
19 
23 
19 
23 
14 
14 
28 
23 
19 


Aug.  12 

'•    23 

July  23 

Aug.  12 

'•    12 

••      4 

•*    12 
"    30 


«< 


4 
23 


July  19 
Aug.  2ii 
July  28 


V 

Q. 


V 

Q 


Sept.  6 
"  6 
"  9 
"  6 
"  6 
•'  6 
"  6 
••       9 

Aug.  29 
*•  31 
*•     29 

Sept.  6 
**       9 

Aug.  29 

*'     26 
Sept.    6 
"       6 
up 

9 

6 

••       9 


9 
9 
9 
9 
9 
9 
9 

Aug.  29 

Sept.    6 

••       9 

"       9 

•'       9 


t4 
tt 


••       6 
"     16 


Oct.  29 
Sept.  15 


J3 

'Z 

X 


/€€t 

2.9 

3.16 

2.8 

3.2 

2.9 

2.94 

3.26 

2.94 

3.2 

2.66 

2.9 

3.13 

3.6 

3.0 

3.35 

2.85 

2.83 
3.26 
3.16 

3.43 
3.43 
2.96 
3.43 
2.06 
2.96 
3.13 
2.88 
3.% 
3.03 
3.39 
3.20 


3.2 
3.33 


2.7 
3.03 


M 

u 

j= 

'5 

X. 

M 

S 


0.33 

0.33 

0.36 

0.39 

0.41 

0.3 

0.46 

0.36 

0.28 

0.33 

0.18 

0.18 

0.2 

0.3 

0.43 

0.26 

0.36 
0.36 
0.33 

0.24 
0.24 
0.35 
0.24 
0.35 
0.35 
0.35 
0.86 
0.41 
0.33 
0.32 
0.35 


0.34 
0.35 


0.3 
0.33 


ox. 
7.5 
8.5 
I 

10 

8.5 
12 

4 

6 

8 

8 
11 
11 
11 
12 
10 

9 
13 

13 
9.5 


8 
5 
6 
9 
5 
9 
8 
12 
4 
4 
8 
9 


11 
5 


M 


Ih. 

« 

54 

57.5 

.•B.5 

52 

54 

S3 

<e.5 

625 

<» 

50 

65 

55 

56 

50 


56.5 

5K 

.■a 

50 

50 

56 

61 

60 

3J) 

56.5 

65 

63 

5T 

54.5 

54.5 


45 


17.5        59.5 
3  50 


♦This  is  a  winter  var  ety 
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Table  III  (Continued).—  IVAea/,  i8g8. 


lid 
117 
118 
119 
L20 
121 
122 
123 
124 
125 
126 
127 
!28 
129 
131 
133 
134 
135 
136 
137 

i:j8 

140 
146 
146 
147 
148 
149 
150 
151 
\S& 
153 
154 
156 
157 
158 
150 
160 
161 
162 
163 
164 
165 
166 
167 
168 
160 
170 

in 

172 

ira 

174 
175 
176 
177 
178 


*Zim merman  .   .    . 

Big  May 

Sardius  

Chrysolite 

Beryl 

♦Topaz 

Jacinth 

Carnelian 

Agate 

Onyx 

Opal 

Garnet 

Tourmaline.   .   .   . 

Felspar 

Casaca 

Tuscan 

♦Essex 

Tuskana 

•Pearl 

•Hunter's  Winter  . 
White  Chaff  .   .  .  . 
•Gold  Drop  .  . 
Red  Orange  Club  . 
Hedgerow  .... 

Aowse 

Monmouth  .  .  .  • 
Russian  (Spring).  . 
Vermillion  .... 

•Smoky 

Edenton  Fife  .  .  . 
Nox  No.  2 

'*    No.  1 

••    No.  4 

"    No.  5 

Pringle's  No.  17.   . 
No.  18.   . 

Wales 

Dead  Sea 

Northcote's  White. 
*•  Amber 

White  May.  .  .  . 
Cat  Mountain.  .  . 
Reed  Straw.    .    .    . 

Cayaga 

Black  Chaff  .... 

Gneiss 

•Velvet  Amber  .  . 
Hebron 


«< 
«< 

H 

•< 

•  < 


«< 
«i 


Quartz 

•White  Mediterranean 

Red 

French  Imperial    .    .    . 

Nebraska 

White's 

•Kivei 


July  19 
"      19 

14 

14 

14 

19 

19 

14 

19 

10 

23 

19 

28 

19 

Aug.  12 

••    12 

•'      4 

*•    %\ 

July  19 

Aug.  :iO 

Juiy  :.o 

••      28 

28 

19 

23 

"     23 

"     23 

••     23 

•*     19 

••     23 

"     19 

*'     19 

♦•     19 

"     23 

••     19 

Aug.  12 

July  23 

"      19 

**      14 

'       23 

Aug.  4 

July  19 

"     28 

••     23 

Aug.  12 

July  28 

*•      12 

Aug.  17 

July  19 

*•     28 

•'      12 

"      19 

*'     28 


Sept.  12 
♦'       6 

Aug.  31 
"     31 

•*     20 
Sept.    6 
6 
6 
6 

n 
I 

7 

•• 

10 

7 


»< 
<< 
<< 

44 

<• 
t 
« 
•t 


« 
•« 

•  • 

l< 

•  1 
t« 
tt 


4t 
tt 
>t 
t» 
>• 
it 
•  » 


15 


12 

12 

7 

7 
7 
7 

7 
12 

10 

*» 

10 

10 

10 

10 

15 

10 

7 

7 

15 

15 

7 

12 
12 


•*  15 

•'  10 

•*  19 

*  12 

*•  17 

Aug.  29 

Sept.  7 

••  15 


3.52 
3.58 
3.0 
3.03 

3.2 

2.87 

2.87 

2.87 

2.87 

3.0 

2.83 

2.83 

3.1 

3.32 

3.33 


3.26 

3.20 

3.03 

3.2 

2.9 

2.8 

3.03 

3.0 

2.8 

3.1 

3.29 

3.4 

3.2 

3.2 

4.88 

2.96 

3.72 

3.39 

4.18 

3.3 

358 

3.7 


0.33 
0.35 

o.:» 

0.3 


0.31 


2.94    I    0.31 


0.42 
0.41 
0.:j6 
0.39 

o.m 

0.3 
0.35 

o.a^ 

0.33 

0.36 

0.33 

0.4 

0.4 

0.3 

0.26 
(!.:« 

o.;i8 

0  28 

0.29 
0.35 
0.b5 


2.M 

0.28 

2. ",4 

0.14 

3.30 

0.:i2 

3.26 

0.4 

3.0 

0.4 

3.26 

0.42 

3.26 

o.:« 

3.2 

o.:i5 

3.26 

0.37 

8 
11.5 
17.5 
12.5 


0.3 

16 

0.20 

9 

0.29 

9 

0.29 

13 

0.29 

0.36 

6 

0.22 

8 

0.34 

9 

0.4 

6 

0.34 

7 

11 

8 

8 

15 

8 

^ 
i 

I 

6 

9 

9 

8 
12 

8 

8 

9 

0.5 
11 

8 
11 

2 

3 
12.5 

4 

12 


12 

4 

8 
15 
10. 

2 


i   /6s. 

54.5. 
60 
58 
59.5 

60 
53.5 
56 
54 

57 

59 

51.5. 

56 

57.5 

42 

52 

53.5 

53.5 

58 

56.5 

56 

50 

50 

55.5 

57 

54.5 

54 

51 

56 

42 

.54 

53.5 

.59 

52.5 

54 

59.5 

.W 

48.5 
tt2 
60 
45 


•This  is  a  winter  variety. 
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Table  III  (Continued). —  IVA^a/,  1898, 


o 


179 
•180 
181 
182 
183 
184 
185 
186 
187 
188a 
188^ 
188f 
189 
190 
191 
192 
193 
194 
19ft 
196 
197 
198 
199 
300 
201 
202 
203 
2M 
206 
206 
307 
•208 
300 
210 
211 
212 
213 
214 
215 
216 
218 
219 
220 
231 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 


NAME 


Rust  Proof  .  .  , 
^Baltimore  .  .  . 
♦Davis  .  .  .  .  , 
Purple  Straw  .  . 
•Gold  Premium 
•Hick's  Prolific. 
•Earnhardt..  .  . 
♦Wintergreen.  . 
•St.  Ledger.    .   . 


T3 
V 

« 
V 

X 


c« 

Q 


July  19 
Aug.  4 


Hunier*i  Spring.  . 
•Oakchott*!  .... 

Hardwick 

Geiger 

Hornblende.  .  .  . 
Sea  Island  .... 
Edmenton  .  .  .  . 
Winnipeg  Russian 
Manitoba 


Winnipeg 

Russian  White 

Hnllett^s  Pedigree.  .   .   . 

Sibley's  No.  1 

♦French  Black  Chaff  .   . 

Rural 

•Velvet  Club 

Austrian 

Bohemian 

Whittinston 

Snowflake    

Beardless  Velvet  .... 

Taj^arog 

•Michigan  Amber.   .   .   . 

China  White 

■•      Red 

Missouri  Turkey 

*       •'         Mediterranean 
California  Walker.  .   .    . 

•India  Red 

Andrus  Black 

•Mediterranean  Hybrid. 
•Andrus*  Flint.    .   .  ^   .   . 

Saskatchewan 

Rye 

Frankenstein 

March 

Flanders 

*Flourelle 

Victoria 

•Circassian 

White  Velvet 

Verplank 

•Fenton 


July  19 


••      19 

"     23 

"     23 

••      14 

Aug.   4 

4 

July  19 

Aug.   4 

July  14 

Aug.   4 


V 

a. 

•c 

a 


Sept.  10 


July  19 

Aug.  17 

•      4 

*•    17 

"      4 

"    12 

July  19 

•*      12 

,»      12 

Aug.   4 

*•    27 

July  12 

..     12 

*     14 

"     19 

'•     19 

"     19 

•     23 

..     12 

•     19 

'     23      1 

•      19 

Aug  12 

July  19 

Aug.  17 

July  19 

••     28 

*      19 

'      19      , 

•      19 

»•      19 

Aug.  23 

July  14 

*      12 

••     28 

Aug.   4 

"      4 

T 

"    23 

1               «  «k 

..       7 

Aug.  29 

*■  Sept.    7 

'       19 

Aug.  31 

••     29 

Sept.    7 

"     12 
..       7 

7 
13 
10 

7 

13 
10 

10 

10 
30 

i 

10 
"  10 
••     10 

Aug.  29 

29 

Sept.  h 


.* 


X 


13 

7 

(• 

10 

7 
20 


Sept.  13 
..  7 
"      19 


3.1 


3.05 

3.1 

3.26 

3.45 

3.59 

3.4 

3.39 

3.45 

3.26 

3.29 

3.88 


3.03 
3.68 
2.M 
3.23 
2.96 
3.1 

2.85 

2.7 

3.26 


*•     30    I    3.35 


3.58 

4.1 

3.30 

3.26 

3.75 

3.2 

3.2 
3.43 


M 

c*r 

"O 

.t  o- 

• 

(g 

K  „ 

3 

^ 

OB  J, 

••a 

•M 

V 

© 

OO 

a 

JB 

*i^ 

•« 

*« 

JB 

M 

•o  S  ^ 

ac 

C 

Viel 
fro 
row 

i 

feet     I   /eet  az. 

3.52        0.32        15 


0.27 


0.35 

0.33 

0.36 

0.4 

0.42 

0.36 

0.36 

0.25 

0.35 

0.68 

0.27 


3.88        0.27 


0.3 

038 

0.3 

0.32 

0.3 

0.31 

0.36 
0.27 
0.31 

0.31 


3.26    ,    0.33 


0.3 

0.33 

0.32 

0.3 

0.33 

0.38 

0.28 
0.35 


8 


19 
11 
13 
6 
12 
13.5 
12 
12 

10 

»» 

4 

10 


12 
3 

9 

8 

12 

9 

11 
8.5 
6 


11 
12 
10 
12 
2 

5 

16 
2 


iAs. 
59.5 


60 


3.26 

0.35 

13 

3.0 

0.33 

16 

3.0 

0.30 

3.58 

0.36 

2 

ao 

48 

625 

62 

90 

63 

50 

57.5 

60 

61 

58 

53 

55 

52 

56 
40 
56.5 
56 

52 
61 

505 
61 

58 

50 


ax 

56.5 

56 

58 

44 

53 

56' 

48 


•This  is  a  winter  variety. 
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Table  III  (Continued). —  li^heat,  r8g8. 


o 
Z 


NAME. 


233 
234 
236 
238 
240 
241 
242 
243 
244 
247 
2S0 
251 
252 
253 
254 
255 
25« 
257 
250 
260 
2«1 
272 
275 
276 
277 
27^ 
2J^) 
2^3 
2H8 
2»0 
2»1 
2»2 
2B3 
2I>4 
29? 
209 

:joo 
:*)! 
;i02 

30U 
3(>4 

:i05 
:i06 
:i07 

309 
310 
319 
321 
322 
32:i 

:i» 

330 
331 
332 
333 


Sandomirk  .... 

Wicker 

Hopetown 

Shumaker  .... 
Snake  River  .  .  . 
Red  River  .... 

Upland 

Hard  Manitoba.    . 

Santa  Fe 

Ostcry 

♦Buckeye 

♦Nigger 

♦Armstrong.  .  .  . 
♦Landreth    .... 

♦Red  May 

♦Tasmanian  Red  . 
♦Wild  Goose  .  .  . 
♦Tread well  .... 
♦Arnold's  Hybrid. 

♦Boyer 

♦Canadian  Express 

♦Scott 

♦White  Rose  .  .  . 
♦Mcnomitc  .... 

♦Soule's. 

♦Hungarian.  .    .    . 

Uxbridge 

Rust  Proof  (soft)  . 
Dand  Khan  No.  2. 

Niagara 

♦While  Mountains 
♦Fulcaster  .... 
♦German  Emperor 
♦Raub's  Prolific.   . 

♦Crete 

♦Tappahannock.  .    , 

Gypsum 

Basalt , 

Flourspar 

Granite 

Platinum 

Porcelain 

Silica 

Trap 

Pool's  Red 

♦Early  Rice 

Deitz  Red 

••      Amber  ,   .    .    , 

Dayton 

Rochester 

•Gold  Dust 

♦Jennings 

Weeks 

Hoover 


1      ^ 

.S'o 

• 

ec 

t    rt 

3 

V 

a 

1           V 

•*• 

o 

1    o  ^ 

X 

21. 

V 

V 

cc 

X 

•  2  E  > 

^2o 

X 

"C 

t» 

Q 

1       a 

X 

^ 

>•-'" 

i^ 

1 

/€€t 

//^/ 

oz. 

ibi. 

July  14 

1     Sept. 

10 

3.43 

1    0.24 

14 

64 

••      19 

1 

10 

3.26 

0.3 

1 

5:^.5 

Aug.  4 

1        tt 

20 

3. .58 

0.32 

July  14 

1 

7 

3.7 

0.4 

8 

58 

*     23 

" 

12 

3.43 

'   o.;» 

1 

56 

'•      14 

!         t. 

7 

3.1 

1    0.33 

12 

59 

"     23 

•* 

12 

3.2 

0.35 

8 

mm 

"     23 

»t 

12 

3.2 

o.a5 

4 

K\ 

•'     19 

•• 

12 

3.48 

j    0.3 

12 

.52.5 

*'     23 

•• 

13 

3.16 

,    0.35 

Aug.  27 

! 

1 

•       4 

( 
f 

•     17 

•     14 

•*     12 

4 

"     23 

••     23 

• 

1 

' 

"     %i 

.<     17 

1 

1 

"     12 

1 

1 

"     12 

( 

'*     12 

1 

, 

•     12 

, 

•     2:t 

' 

•'      12 

. 

1 

July  %\ 

44 

s 

3.26 

0.3 

*•     2:^ 

«4 

^    1 

3.26 

o.:5i 

8 

.5(t 

•'       5 

Aug. 

29    1 

2.9 

1    0.38 

11 

64 

'•     19 

Sept. 

«    1 

3.26 

o.:i6 

6 

.53 

Aug.   4      \ 

1 

1 

'•     Z\ 

»•      *>T       i 

•wl 

'•     23      1 

•       *      i 

July  23 

•  4 

12    , 

3.33 

;    0..34 

13 

mm      m 

••     2H 

44 

8 

3.91 

o.:j6 

9 

55 

••     %i      , 

.. 

8     1 

3.?2 

o.;i5 

13 

r)<i.5 

••    Z\ 

*  • 

8     1 

3.:h) 

o.;« 

14 

m^      m 

.11  ..T 

♦•    2:i 

44 

8 

3.58 

o.:i5 

10 

56 

••     23 

•  * 

8     ' 

3.45 

0.4 

16 

56 

'•      19 
"     23 

44 

^     1 

3.4 

,   o.:h 

19 

.58.5 

.4 

8     ' 

3.. 52 

0.28 

12 

.>•  ..> 

•*     23 

44 

8     ' 

3.46 

o.;i5 

15 

.->7 

Aug.  23      1 

July  %\      ! 

•  4 

12 

3.;« 

0.31 

8 

TVO 

Aug.  4 

it 

20    1 

3.?2 

0.3 

1 

4(t 

July  23 

44 

15 

3.39 

o.:w 

4 

.>! 

"     -28      1 

44 

12 

3.9 

o.:« 

8 

5;i 

Aug.  Z\      1 

1 

July  19      ' 

44 

8    ' 

3.2 

0.3 

16 

58 

••     23 

4. 

8    1 

3.58 

0..35 

9 

57.5 

Aug  Zi 

1 

t 

•This  is  a  winter  variety. 
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Table  HI  (Continued), —  IVieat.  iSgS. 


•Egypliim  Flini.  . 


^SXrpie  S.«w.  ; 

:: 

•Si bk};'«  Golden 

u 

K..«i«gT™ 

Mto«.iei. 

Seven  H«.dedR«9.   .  .  . 

•Curral's  Pfolilic 

•Mealy 

•B„J,I..N..,,,,,,. 

Au 

:  ii  s;;;:;;;; 

: 

:  -■    ii;:;;:::; 

:; 

'N'orthcoic'i  Amber,  ,  ,   , 
AlKeri»n  No.  1 

■*?.' 

Variety  Tests  of  Wheat,  Oats  and  Barley,  23 


Table  III  (Continued).— »%^/i/,  iSgS. 


c 
Z. 


409U 
410 

410H 

411 

412 

413 

414 

416 

417 

418 

419 

420 

421 

422 

423 

424 

425 

426 

427 

428 

431  I 

431  J6| 
432 

433  I 

43«  I 
435 

436  I 
437 

438  I 

439  ' 

Had   I 

440  < 
441 

442  I 

443  I 

444  I 
445 
446 
447 
448 
449 

M40 
4495^ 
450 
451 
452 
453 
454 
455 
456 
457 
458  ; 
450 
460 


NAME 


Algerian  White. 


Hungarian 

Prize 

Little  Wonder.  .   .    . 

Champion 

Oakshot's  Champion . 
*Incoroparable  .   .   . 

Fillbag 

McDowell 

Young's 

California  Red  .    .    . 

Little  Club 

•Dookie 

Essex 

Purple 

Tuscan 

Jubilee 

LeaKc's 

Rodi 


V 

ce 

V 
V 

Q 


Aug.  23 
July  28 
*  14 
Aug.  4 
July    5 

"  19 
'"     19 

"      12 


it 


Dera. 
Baggi . 
Ratti  . 
Dorin. 
Pilli.  . 
Walu. 
•I^hi 
Khel  . 


Shega 

Awal  No.  1  .   .    . 

"     No.  2.  .   . 

Arizona  Indian  . 

.\rcher*»  Prolific 

Dattel 

Daub  1 

Farrie's  Durum  . 

Barwick 

•Early Jasper.    . 


Bancroft  .... 

Toronto 

Banater 

Paros 

Cape 

Nashi 

Hudson's  .... 
Murray  River.    . 
Green  Mountain. 
Stockton  .... 
Cordova.  .... 


5 

19 

12 

5 

*•      19 

Aug.  23 

July  19 

19 

14 

12 

19 

5 

5 

12 

5 

5 

5 

5 

5 

5 

28 

5 

5 

o 

5 

5 

5 

12 

Aug.  12 

July  12 

"     23 

••     23 


it 
(t 
i* 


•  < 

•  < 
it 
«• 
<• 
<« 
<< 
»i 

a 
II 
11 


•  4 

a 
«« 
•• 
(• 
ti 
a 
It 
it 
<< 
li 
It 
it 


14 
14 
12 
12 
12 
12 
14 
12 
12 
12 
12 
12 
14 


Sept.  15 

"  8 

"  15 

"  8 

••  8 

"  12 

♦•  8 

Aug.  29 
Sept.    8 

'♦  8 
8 

•♦     12 

"     12 

"       8 
'•       8 

'•  8 
Aug.  29 
Sept.  8 
Aug.  31 
'^  29 
"  29 
Sept.  *8 
Aug.  20 
29 
29 


it 


li 

<4 
it 
11 
It 
II 


Sept. 
It 


<> 

a 

It 
It 
tt 
ti 
a 
It 
<< 

<4 
<« 
It 
1< 
ll 
tt 


29 

29 
29 
29 
29 
29 

8 

20 
12 

8 
12 

8 

8 

8 

8 

12 

8 

12 

12 

12 

8 

8 

8 

8 


'Z 

X 


4.88 

2.9 

3.52 

3.8 

3.26 

3.65 

3.26 

2.6 

3.58 

3.5 

3.0 

3.2 

3.30 

3.42 

3.26 

3.2 

3.26 

2.4 

2.61 

2.71 

2.3 

2.3 

2.5 

2.1 

2.3 

2.3 

2.6 

2.3 

2.3 

2.20 

2.3 

2.9 

3.1 

3.45 

4.01 

3.67 

3.1 

3.58 

3.26 

3.0 

2.85 

3.26 

3.26 

3.0 

3.33 

3.1 

3.42 

3.42 

3.26 

3.58 


w 

-O 

c« 

V 

x 
o 

•X 

M 

e 


/ttt 

0.26 
0.26 
0.32 
0.25 
0.28 
0.33 
0.3 

0.24 
0.33 
0.33 
0.28 
0.2 

0.35 

0.33 

0.36 

0.37 

0.3 

0.28 

0.3 

0.33 

0.26 

0.24 

0.3 

0.20 

0.3 

0.27 

0.20 

0.3 

0.3 

0.27 

0.27 

0.25 

0.37 

0.28 

0.32 

0.33 

0.3 

0.28 

0.3 

0.23 

0.35 

0.23 

0.25 

0.28 

0.21 

0.33 

0.33 

0.4 

0.26 

o.a'> 


.So 
2- 


oz. 


8 

2 
14 
13 
13 
14 

17 

9 

22 

11 

9 

16 
10 
16 
14 
10 
13 
11 
12.5 

9 
10 
10 

9 
10 

9 

10 

11 
11 
12 
12 
12 
1 

12 

9 

14 

15 

8 
12 

9 
17 
18 
15 
12 

5 
12 
11 

6 
10 


3 
X 


'5 


ibs. 


55 

41 

56.5 

55 

52 

59.5 

64 

56.5 

57 

60.5 

50 

54 

54.5 

68 

63 

59 

65 

61 

63.5 

63.5 

65.5 

64 

64 

65 

63.5 

63.5 

63 

63 

63.5 

64 

52.5 

43 

54 

52.5 

55.5 

61 

55 

61 

50 

66 

61.5 

51.5 

67 

50 

58.5 

58 

62 

56 


•This  is  a  winter  variety. 
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Table  III  (Continued). —  l^htat,  i8g8. 


NAME 


o 
25 


461 
46.*^ 

Little  Club 

Algerian 

468 

Carter's! 

464 
465 

Laird's  Prolific 

Borneo 

466 

Rcili  1 

467 
468 
46P 

Veneta 

Varlsotta. 

Noah 

470 
471 

Belolourka 

Reiti2 

47^ 

Bordeaux 

474 

475 

Blood  Red 

Herisson 

476 
477 

478 

White  Flanders 

♦Australian 

Fleck 

478H 
470 

4^ 

4«1 

V^, 

4H3 

4>^ 

4H5 

4H6 

4X7 

4K8 

489 

400 

491 

402 

493 

494 

495 

496 

497 

499 

49J)^ 

500 

502 
503 

504 

505 
506 

507 

• 

508 

* 

500 

• 

510 

511 

* 

512 

♦ 

513 
514 

» 

515 

« 

•T3 


(3 


July  14 

•'      12 

19 

19 

14 

23 

23 

23 

19 

12 

19 

23 

19 

Aug.   4 

July  19 

Aug.  12 

**     12 

July  19 

23 

19 

14 

14 

12 

12 

14 

12 

19 

12 

14 

19 

19 

12 

19 

19 

19 

14 

19 

19 

12 

19 

12 

19 

12 

19 

12 

12 

Aug.  23 

••    27 

"    17 

July  28 

Aug.  12 

"    12 

"    27 

••   :» 

*•    23 


•« 
« 

«< 

«( 
<< 


i* 
<< 
It 
*t 
<< 
<• 

n 

<  < 
<l 
*t 

<< 
f 
i< 
«< 


•  « 
It 


V 


Q 


Sept. 
<< 


Aug. 
Sept. 


8 

8 

8 

8 
31 
12 

12 

S 

8 

12 

8 
8 

12 

15 

8 
12 
12 
12 
12 

8 

8 

8 

8 

8 

8 

8 
12 

8 

8 

8 

8 

8 

8 

8' 

8 

8 

8 

8 

8 

8 

8 

8 


"     12 


X 

.5? 
*3 

X 


/ret 

2.94 

3.5 

3.72 

3.50 

3.45 

4.04 

3.88 

3..^ 

3.26 

3.4 

3.26 

3.59 

3.26 

3.29 
3.52 

3.4 

3.43 

3.1 

3.06 

3.52 

3.51 

3.26 

3.59 

3.0 

3.26 

3.26 


3.26 

3.0 

3.50 

3.0 

3.5 

3.3 

2.94 

3.26 

3.26 

3.59 

3.5 

3.56 

3.0 

3.26 


3.55 


•v 

O 

a 
h4 


0.15 

0.26 

0.33 

0.38 

0.26 

0.37 

0.33 

0.33 

0.35 

0.21 

0.35 

0.3 

0.36 

0.16 
0.36 

0.30 
0.33 
0.15 
0.17 
0.35 
0.37 

0.4 

0.3 


2.64    I    0.23 


0.3 
0.41 


0.28 
0.3 

0.39 


0.39 


.£o 

"I 

CO 


a. 

M 


—  5  4 

'Z 

0Z. 

il^s. 

10 

56.5 

17 

03 

10 

S7.5 

11 

565 

33 

61.5 

6 

54 

1 

49 

11 

58..'* 

9 

57 

IT 

64 

1 

53 

12 

h& 

H 

55.5 

21 


12 
9 

11 

10 
9 

10 
s 
s 
• 

8 

9 

10 

I 

4 

9 

9 

5 

10 

8 

10 

10 

1 

9 

10 

10 

9 

15 

16 

15 


54.5 


5« 

54 

53.5 

56.5 

51 

59 

60 

59 

54 

59.5 

00 

flf».5 

56 

.52 

5>.5 

50. 5 

55 

.58 

57 

57.5 

HO. 5 

52 

.57 

GO 

;t« 

.58 

60 

60 

59 


♦This  is  a  winter  variety. 
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Table  III  {Concluded).— IVAea/,  i8g8. 


• 

o 

NAME 

T3 

•o 

4) 
V 

ct 

G 

Date  ripe 

•  mm 

V 

*  . 

3.85 
3.85 

3.39 

3.0 
3.2 
3.2 
3.2 

2.75 

M 

a 

V 

o 

a 

Yield    of    grain 
from  10  feet  of 
row 

3 

u 
v 

516 

Aug.  12 
••      4 
••    30 
"    23 
•'    'ZA 
"    Zi 
"      4 
"    27 
»    12 
••    23 
"    17 
*•    27 
•'    23 
"    27 
•'    27 
"    23 
"    23 
"    30 
"    23 

"    30 
•*    30 
••    19 

•  4 

•  4 

•  4 
"      4 

July  12 

Sept.  15 

•*      20 
•'     20 

"      15 

••     12 
'•     15 
"      15 
"      15 

"      12 

0.31 

0.35 
0.41 

0.35 

0.3 
0.26 
0.26 
0.26 

032 

oz. 
1 

2 
1 

4 

6 
1 
2 

i 

9 

lbs. 
4^ 

517 

518 

519 

520 

521 

522 

5^^ 

523 

524 
525 

:« 

506 

527 

528 

S.& 

533H 

534 

^534 

536 

536 
537 
538 

52 

539 
540 

53 

541 
542 

« 

47.5 
47.5 

543 

41.5 

544 

* 

545 

62.5 

•This  is  a  winter  variety. 
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Table  IV.— W^a/,  /8gg. 

This  gives  the  results  •{  the  second  year's  trial  of  all  the  varieties  reported  in  Table  III 
which  matured  seed  in  1898.  One  row  10  feet  long  of  each  variety  was  planted.  The  rovs 
were  20  inches  apart. 


o 
Z, 


1 

2 
3 
4 

5 
6 

7 
8 

0 
10 
11 
12 
13 
14 
16 
17 
18 
19 
20 
^1 
22 
23 
24 
25 
26 
27 
2h 
29 
30 
31 
32 
33 
34 
35 
36 
38 
39 
40 
41 
42 
43 
44 
45 
48 
50 
51 
52 
53 
54 
55 
56 
57 


NAME 


Minnesota  Fife 

White  Fife 

Sherman 

White  Russian 

Odessa 

•Eldorado 

Soft  Australian 

Defiance 

Champion 

Oregon  Club 

Hard  Australian  .   .    .    . 

Sonora 

White  Mexican 

Improved  Fife 

Brooks 

Rio  Grande 

Canada  Club 

Judkin 

Lost  Nation 

Touzelle 

Australian  Club  .    .    .    . 

Golden  Globe 

Mediterranean  Spring  . 

China  Tea 

Chili 

China  Spring 

Egyptian 

Saxon  Fife 

Dominion 

Prussian 

Golden  Drop 

Pringle's  No  6 

No.  4 

"         No.  5 

Winter  Australian  .   .   . 

•Fultz 

Midge  Proof 

Black  Centennial   .   .   . 

Hedgerow 

Granite 

Italian 

New  York  Flint  .   .    .    . 

Bald  Baltic 

Red  Orange 

Perkey   

Hybrid  No.  10 

Golden  Chaff 

Med'ranean  Red  Chaft 

Velvet  Chaff 

Turkey 

Sardonyx   

Amethyst 


V 

•v 

IS 


July  28 


0* 

it 
*i 
<i 
*t 
i« 
(• 
•  i 
t> 
tt 
tt 
ti 


« 
<i 
§t 

•  < 
<< 
t* 
tt 

tt 
tt 
it 
tt 
tt 
tt 
tt 
tt 

•  < 
ti 
tt 
t* 

tt 


20 
24 


28 
26 
28 
28 
28 
14 
24 
28 
28 
20 
24 
28 
24 
14 
24 


•*  24 

"  24 

"  20 

*•  24 

f.  28 


28 
28 
28 
24 
28 
24 
28 

28 
28 
24 
24 
14 
24 
20 
24 
14 
28 
20 
28 

28 


V 


Sept.    8 
••       8 

**       8 
8 
16 


t* 


tt 
tt 
t* 
tt 
tt 
tt 
tt 
tt 
tt 
tt 
tt 


tt 
tt 


tt 
tt 
•« 

H 
tt 
tt 
tt 
tt 

tt 
tt 
tt 
tt 
tt 
tt 
tt 
i< 
« 
<< 
tt 
tt 
%t 
tt 
tt 
tt 


16 

16 

16 

16 

16 

16 

8 

8 

8 

8 

8 

8 

Aug.  30 

Sept.    8 

"       8 

16 

8 

8 

8 

16 

16 

16 

16 

8 

8 

8 

8 

8 

16 

16 

8 

16 

16 

8 

8 

8 

8 

8 

16 

8 

16 

16 

16 

16 

16 


x 

*5 
X 


feet 

2.8 

8.26 

2.8 

2.8 

2.9 

3.0 

3.0 

2.9 

3.0 

3.5 

2.6 

3.26 

3.26 

3.6 

3.4 

3.26 

3.4 

3.26 

3.2 

3.26 

3.6 

3.6 

3.75 

3.26 

3.8 

3.6 

3.26 

3.26 

3.0 

3.26 

3.26 

4.0 

3.59 

3.5 

3.5 
3.6 
2.8 
3.0 

'3.26 

3.1 

3.4 

2.9 

3.6 

3.25 

3.4 

3.8 

3.2 

3.6 

3.6 


•a 
« 

x 


tfi 


feet 
0.33 
0.33 
0.28 
0.28 
0.35 

0.3 

0.3 

0.35 

0.25 

0.33 

0.23 

0.28 

0.3 

0.36 

0.35 

0.25 

0.35 

0.33 

0.3 

0.35 

0.36 

0.33 

0.35 

0.3 

0.35 

0.23 

0.3 

0.3 

0.25 

0.3 

0.3 

0.3 

0.27 

0.3 


.5  c 
2- 

.SJ2  5 


• 
3 
6 
6 
2.5 

4.5 

3 

5 

3 

^ 
t 

3 
10 

8 

9.5 

8 

5.5 

9.5 

9 
10 
14.5 
10.5 
11.5 

8.5 
16 

5 

2.5 

4 

3 

7 

8 

8 
10.5 

9 

7.5 


0.33 

7 

0.26 

10 

0.16 

7 

0.3 

6 

0.23 

1.5 

0.3 

11 

0.8 

9.5 

0.4 

8 

0.35 

12 

0.36 

4.5 

0.33 

8 

0.3 

6 

0.38 

5 

0.28 

7 

0.33 

5 

0.35 

8 

*Damaged  by  gophers. 
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Table  IV  (Continued).  —  H^heat,  i8gg. 


c 


58 
50 
60 
rm 
61 
62 

6a 

65 
66 
67 
68 
TO 
71 
72 
73 
76 
77 
78 
80 
81 

83 

84 
85 

87 

88 

90 
93 
98 
100 
102 
110 
112 
117 
118 
U9 
120 
122 
123 
124 
1^ 
126 
127 
128 
129 
131 
133 
135 
138 
138 
145 
146 
147 


NAME 


Ruby  .  . 
Jasper .  , 
Sapphire. 


Chalcedony 
Emerald  .   . 
Black  Chaff 


Cretan 

Andriola  Red  .... 
•*        Amber  .    .    . 

Purple  Chaff 

Boughton 

Anauika 

Fountain 

Palestine 

White  Chaff  (smooth) 

Perfection 

German  Fife 

Mammoth 

Samara 

Durum 

Saratov   

Ames 

Moscow 

Knapp 

Scotch  Fife 

Doty 

Meekins 

White  Michigan.    .    . 

Rickenbrode 

Black  Beard 

German  Amber   .    .    . 

Dallas 

Finlay.    ........ 

Propoe 

Rea  Clawson 

Big  May 

Sardius 

Chrysolite 

Beryl 

Jacinth 

Camelian 

Agate 

Onyx 

Opal 

Garnet 

Tourmaline 

Felspar 

Casaca 

Tuscan 

Tuskana 

Pearl 

White  Chaff 

Red  Oregon  Club   .   . 

Hedgerow 

Aowse 


a 

U 

Q 


July  24 
"  20 
"  28 
"  28 
"  28 
"     24 


«• 

t4 
<t 
<« 
•« 
t* 

•  a 

<4 

<« 
•( 

•  < 

4< 
t( 


<• 
<< 
«• 
l< 

« 
It 

ti 
4* 
<• 


24 
24 

20 
24 
28 
20 
28 

24 
28 
24 
28 
24 
20 
24 
20 
24 
24 
28 
20 
20 
29 
29 
20 


24 

28 
29 
24 
24 
20 
28 
24 
28 
28 
30 
28 
28 

29 


V 

a. 
•c 


ce 
Q 


"     24 
Aug.  25 


Sept.  16 

•*       8 

8 

8 

8 

8 

16 

16 

16 

8 

8 

8 

16 
16 
16 
16 

Aug.  30 

Sept.    8 

8 

16 

16 

16 

8 

8 

8 

8 

16 

Aug.  30 
Sept.  8 
••  8 
•*  16 
•*  8 
"  16 
"     16 


t* 
ti 
(I 

«• 
•< 

4< 


*« 
<4 
<4 
<4 
4« 
•  < 
li 


«« 


i< 
44 

t« 
*t 

t4 
<• 
t« 


8 


"  8 
*'  8 
"  8 
•*  8 
Aug.  30 
Sept.  16 
16 
16 
16 
16 
8 
16 
8 
16 


u 
'Z 

X 


ti 


16 
16 


3.59 

3.8 

3.26 

4.0 

3.7 

3.8 

3.7 

3.7 

3.85 

3.4 

3.26 

3.4 

3.26 

3.9 

3.9 

3.75 

3.26 

3.5 

3.8 

3.7 

3.6 

3.6 

3.5 

4.0 

3.6 

3.7 

4.0 

3.5 

3.8 

3.5 

3.55 

3.7 

3.0 

3.5 

3.26 

34 

3.8 

3.26 

3.26 

3.26 

3.5 

3.5 

3.6 

3.5 

3.8 

.8 

.26 

.75 

.5 


3. 
3. 
3. 
3. 


3.26 
3.26 
3.26 

3.8 


« 

O 


0.36 

0.33 

0.33 

0.38 

0.3 

0.4 

0.23 

0.3 

0.23 

0.25 

0.23 

0J6 

0.18 

0.3 

0.33 

0.4 

0.25 

0.3 

0.35 

0.35 

0.2 

0.2 

0.3 

0.23 

0.3 

0.25 

0.3 

0.25 

0.33 

0.33 

0.33 

0.25 

0.36 

0.39 

0.3 

0.33 

0.3 

0.33 

0.28 

0.26 

0.25 

0.25 

0.28 

0.26 

0.33 

0.15 

0.28 

0.33 

0.33 

0.4 

0.25 

0.28 

0.4 


.S-o 
2- 

I2i 


oz. 

3 

8.5 

7 

4.5 
11.5 

9 

5 

2 

7 
12 

6 

12.5 
10 
U.5 
11 

7 
10.5 

8.5 
11 
5 

6 

8.5 
10 
10 

0 
12 

7 
11 

6 

8 

5.5 

9 

0  5 

5.5 

10 


10.5 
15.5 
6.5 
8,5 
12 
10 

10.5 
11.5 


12 
3 
7.5 


5 

11.5 
13 

1.5 


80 


Wyoming  Experiment  Station. 


Table  IV  (Continued). —  Wheat,  i8gg. 


o 
55 


357 
368 

asoa 
3se^ 

360 

361 

363 

364 

365 

366 

366H 

377 

383 

388 

380 

393 

307 

398 

398^ 

400 

401 

40154 

404 
405 
406 
407 
408 
409 
410J4 
411 
412 
413 
414 
416 
418 
419 
420 
421 
422 
424 
425 
426 
'427 
428 
431 

4;n'4 

431 J6 

4:i2 

433 

4.'U 

435 

436 

437 

438 

439 


NAME 


Steinwedel's  Early. 
Rattling  Tom   .   .   . 

Misso^en 

Atlanti 

Sadoza 

Curtis' While.  .  .  . 
Seven  Headed  Red. 
Ontario 

Egyptian  No.  8.  .   . 

Carter's  A 

•'       B 

Alger^an  No.  1.  .   . 
No.  2.  .   . 

Ga'llan'd  Hybrid '.   . 

Zeland 

Lanneurde  Mars  .  . 

Berthoud 

Mold's  White    .   .   . 
•'      Red 

Hungarian   .... 

Prize 

Little  Wonder  .   .   . 

Champion 

Oakshof  8  Champion 

Fillbag 

McDowell 

Young's 

California  Red.  .   . 

Little  Club 

Essex 

Purple 

Tuscan 

{ubilee 
.cake's 

Rodi . 

Dera.  .   .   '.   .   '.   .   . 

BaRgi 

Ratii 

Dorin 

Pilli 

Walu 

Lohi 

Khcl 


•a 
•a 

V 


Q 


<< 
<< 

<< 
tt 


July  20 
20 
20 
20 
24 
24 
24 
24 
24 
20 
20 
28 
••  20 
••     29 

Sept  15 
Aug.  5 
Sept.  8 

Jnly  20 

"     20 

"     20 

"     20 

Aug.  20 

••       6 

"       5 

"       5 

Sept.  1 

•'      16 

Aug.   5 

July  24 

Aug.   5 

July  20 

28 

24 

20 

14 

24 

20 

14 

24 

24 

24 

24 

14 

24 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 


tt 
•  • 
«• 
tt 
tt 
tt 
•• 
It 
«< 
•« 
«< 
tt 
t, 
•< 
tt 
tt 
*t 
(. 
tt 

•4 
tt 
tt 
>• 
tt 


V 

a 


Sept 


<< 
tt 
<< 
•« 
<< 
(« 

•  < 

•  • 

4< 


t, 

tt 
tt 
tt 
tt 

tt 
•  • 
It 


tt 
tt 
•  • 


8 

8 

16 

16 

16 

16 

8 

8 

16 

16 

16 

16 

16 

16 


16 


8 
8 
8 
8 

16 
16 
16 


•'      16 
"      16 

"       8 

••       8 

•*        8 

8 

Aug.   30 

Sept.     8 

8 

8 

16 

8 

8 

8 

8 


Aug.    30 

Sept.     8 

••       8 

"       8 

Aug     30 

Sept.     8 

8 

8 

8 

"       16 

Aug.    30 


us 

•c 

X 


/eet 

3.2 

3.26 

3.4 

3.3 

4.0 

3.4 

3.5 

3.7 

3.96 

3.1 

3.3 

3.65 

3.5 

3.65 


3.6 


3.26 
3.25 
3.26 
3.26 


3. 
3. 


3.0 


3.1 
2.5 

3.7 

3.5 

3.5 

3.50 

2.8 

3.45 

3.85 

3.  1 

2.  8 

3.  5 
3.50 
3.35 
3.20 
3.4 
2.7 
2.8 
2.8 
2.8 
2.7 
2.93 
2.5 
2.5 
2.61 
3.15 
2.0 


ee 


c 


feet 

0.38 

0.28 

0.2 

0.25 

0.35 

0.25 

0.28 

0.35 

0.25 

0.15 

0.2 

0.35 

0.3 

0.3 


0.25 


0.2 
0.2 
0.28 
0.25 

0.25 
0.36 
0.35 


0.36 
0.3 

0.23 

0.28 

0.25 

0.26 

0.2 

0.26 

0.25 

0.26 

0.15 

0.25 

0.25 

0.25 

0.3 

0.26 

0.25 

0.23 

0.26 

0.25 

0.23 

0.25 

0.23 

0.3 

0.23 

0.2 

0.25 


c2 


9.5 
10 

3 

6.5 

> 

10.5 
13.5 

6.5 

10 


t^ 


12.5 
18 

15.5 
10-5 


3 
4 
5 


16 
11  5 

14  5 
14.5 
10 
11 

9 

6.5 

8 

10.5 
9 

i:{ 

10 

11.5 
14 
10 

12.5 
11 
10 
14 

13.5 
4.5 

7.5 
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Table  IV  (Continued). —  Wheat,  i8gg. 


NAME 


o 


Md9 
440 
441 
442 
443 
444 
445 
446 
447 
448 
440 
440K 
450 
451 
452 
453 
454 
455 
456 
457 
458 
460 
461 

4te 

463 

464 

465 

466 

467 

468 

409 

470 

471 

472 

472M 

475 

478 

478^ 

479 

480 

481 

482 

483 

484 

485 

486 

487 

488 

489 

490 

491 

492 

40:{ 

4ftl 

4tJ5 

406 

497 


Shega  

Awal  No.  1.  .   .   . 

'•     No.  2.  .   .   . 

Arizona  Indian.  . 

Archer's  Prolific, 

Dattel 

Daub  I 

Farrie's Durum.  . 

Barwick 

Early  Jasper.    .   . 

Bancroft 

Toronto 

Banater 

Pahw 

Cape 

Nasbi 

Hudson's 

Murray  River  .   , 
Green  Mountain. 

Cordova 

Little  Club.  .   .   . 

Algerian 

Carter's  I 

Laird's  Prolific.  . 

Borneo 

Reiti  1 

Veneta 

Varlsotta.      .    .    . 

Noah 

Belolourka.   .    .    . 

Reiti  2 

Bordeaux    .    .    .    . 

Herisson    .    .    .    . 
Fleck 


(A 

•T3 

grain 
eetof 

«( 

■s 

•T3 

•»" 

a 

0 

oS 

ja 

k 

J3 

•S 

V 

V 

Ml 

bO 

2  6  * 
^  0  * 

*t 

** 

s 

(* 

t^ 

%) 

V 

s-£ 

Q 

Q 

X 

J 

feet 

/€€t 

oz. 

July  14 

Aug. 

30 

2.8 

0.25 

8.6 

<<         \A 

<• 

30 

2.8 

0.23 

10.5 

<«         1^ 

Sept. 

8 

2.65 

0.2 

5 

•«         14 

<• 

8 

2.4 

0.23 

6.5 

"      14 

Aug. 

30 

3.0 

0.21 

13 

Aug.   5 

Sept. 

16 

3.7 

0.25 

11 

July  20 

44 

16 

4.1 

0.25 

12.5 

•*     28 

•t 

16 

3.6 

0.3 

7 

••     28 

<• 

16 

3.75 

0.3 

6.5 

*•     20 

i« 

8 

4.0 

0.2 

"     28 

«( 

16 

3.66 

0.2 

12 

•     14 

4« 

8 

2.85 

0.2 

4.5 

July  20 

Sept. 

8 

3.26 

0.3 

10.5 

••     24 

<< 

16 

3.8 

0.24 

9.5 

'•     24 

<« 

16 

3.8 

0.22 

12 

••     20 

(« 

8 

3.26 

0.25 

15.5 

•     20 

«• 

8 

3.4 

0.18 

6 

••     20 

Aug. 

30 

3.1 

0.21 

16 

•'     24 

&y.. 

8 

3.1 

0.25 

10 

•'     20 

8 

3.5 

0.33 

10 

"     24 

<• 

8 

3.5 

0.33 

8.5 

"     24 

l\ 

16 

3.0 

0.18 

9.5. 

•*     20 

•< 

8 

3.45 

0.23 

14 

Aug.   5 

t< 

16 

3.8 

0.25 

6 

July  24 

<< 

8 

3.6 

0.35 

12 

••      20 

Aug. 

30 

3.2 

0.23 

15.5. 

Aug.  20 

*      20 

"      20 

July  29 

Sept. 

8 

3.8 

0.3 

4.5 

••     20 

44 

8 

4.0 

0.21 

12.5. 

Aug.  20 

"       5 

ftfl 

16 

4.0 

0.25 

7 

'•       5 

«4 

16 

3.7 

0.3 

12.5 

July  28 

<4 

8 

3.  8 

0.15 

9 

*•     28 

«• 

8 

3.  5 

0.35 

10      . 

Aug.  20 

July  28 

%t 

16 

3.45 

0.15 

12.5 

••     28 

a 

16 

3.4 

0.15 

4.0 

••     28 

4« 

16 

3.25 

0.  3 

6.5 

..      24 

•  ■ 

8 

3.8 

0.35 

6 

"     28 

•  • 

16 

3.6 

0.3 

11 

•*     28 

*• 

16 

3.7 

r.35 

6 

'•     20 

•  • 

8 

3.5 

12.5 

•'     28 

•  • 

8 

3.5 

0.25 

10 

"     20 

*  ■ 

8 

3.55 

1 

•'     24 

i  • 

8 

3.8 

9 

••      20 

^< 

8 

3.59 

0.25 

10 

••     20 

«  * 

8 

3  59 

0.26 

7.5 

••     20 

a  • 

8 

3  59 

0.3 

12 

.,     24 

•  f 

16 

3.5 

0  35 

7 

••     28 

•  « 

8 

3.91 

o.;^5 

9 

••     28 

•  « 

8 

3.75 

0.4 

9.5 

••      20 

•  * 

8 

3.59 

0.:t5 

11 

"     20 

*  • 

8 

H.55 

0  33 

9 

■      24 

«  a 

8 

3.4 

0.28 

13 

32 
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Table  IV  (Continued).—  IV/teaf,  i8gy. 


« 

c^ 

■o 

.•  0 

•o 

I- 

V 

*•• 

X 

••■ 

NAME 

it 

o 

o2 

•c 

•< 

"OS* 

, 

«» 

•« 

c 

Tt  0  ' 

o 

(« 

d 

a 

V 

-S  2  c 

55 



C 

Q 

X 

a 

>-" 

feet 

feet 

n. 

49D 

July  20 

Aug.  30 

8.26 

0.23 

16.5 

490  H 

•     24 

Sept.    8 

3.4 

0.25 

9.5 

500 

•     20 

Aug.  30 

3.1 

14.5 

501 

•     28 

Sept.  16 

3.65 

0.36 

5 

502 

•     28 

•      16 

3.55 

0.3 

8 

503 

•     28 

"      16 

3.65 

0.2 

H.5 

504 

•  24 
"     -iO 

•  30 

8 
8 
8 

3.6 

3.65 

3.26 

0.33 
0.28 
0.25 

10.5 

505 

12  5 

506 

m 
4 

516 

Sept.  10 

'•      10 

•      15 

••        1 

517 
522 
524 
537 

540 
541 
542 
543 

July  28 

Sept.  15 

•      15 

•'      15 

1 

July  20 

•     16 

8 

3.55 
2.35 

0.35 
0.25 

12.5 





544 

545 

13 

Variety  Te^ts  of  Wheats  Oats  and  Barhy. 
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Table  V.—Oa/s,  i8g6. 

This  gives  the  results  ot  oats  erown  from  seed  furnished  by  Professor  Vestal  of  New 
Mexico  during  the  season  of  1H06.  One  row  50  feet  long  of  each  variety  was  planted.  The 
roH-s  were  IH  inches  apart. 


I 

1 

■^ 

i 

a 

V 

11 

o 

.5o 

• 

J3 

V 

j= 

ifl 

b 

on  4) 

h 

NAME 

■o 

%) 

c 

"o 

B 

•*• 
o 

og 

a 

1 

JS 

u 

x; 

J3 

bti  u 

M 

c 
Z    ' 

1 

t 

u 
'55 

ac 

B 
V 

2-0 

V  G 

ids. 

i 

2  2* 

"v 

/fft 

Art 

lbs.  OS. 

lbs. 

2      Board  of  Trade 

July 

13 

Sept. 

4 

3.8 

0.9 

12 

10 

4    11 

42 

3  i   Australian 

>• 

17 

•  t 

4 

3.6 

0.K5 

11 

4 

4      6 

46 

5      Pringlc's  Hulless 

<• 

13 

€4 

17 

3.7 

0.9 

8 

13 

2    11 

46.5 

6            "          No.  6 

<( 

23 

Oct. 

7 

4.0 

0.8 

9 

2 

2    12 

38 

7            ••         No.  4 

4« 

25 

«. 

1 

3. 85 

0.8 

8 

0 

2    14 

38 

H            ••         No.  6 

t» 

23 

Sept. 

17 

4.0 

1.0 

40 

f>      Belgio-Russian 

• 

25 

•< 

17 

4.1 

0.8 

7 

3 

2      8 

37 

11  '   Russian  Black 

(• 

23 

t. 

17 

4.0 

0.7 

8 

12 

3      4 

40 

13      New  Zealand 

<• 

13 

t* 

4 

3.8 

0.95 

11 

2 

4      2 

43 

14      White  Russian 

<< 

23 

Oct. 

7 

4.2 

0.9 

10 

14 

1    13 

39 

15      Black  Tartarian 

«• 

31 

4.0 

0.9 

9 

3 

1    12 

31 

16  I   Early  Yellow 

*t 

31 

•  • 

7 

3.9 

1.35 

8 

9 

1    12 

39 

17 

Earlv  Poland 

it 

13 

Sept. 

4 

3.2 

0.7 

10 

13 

4      5 

43 

\h 

Poland 

.< 

27 

Oct. 

1* 
1 

3.6 

0.95 

8 

4 

1      7 

38 

19 

Potato 

31 

2:^ 

<• 

Sept. 

7 
17 

4.0 
4.3 

0.85 
1.0 

■7 
12 

12 

12 
2    14 

36 

21 

Chinese  Hulless 

47 

23 

Prinale's  Excelsior  .... 

■  4 

n 

t  a 

17 

3.7 

0.9 

9 

4 

2    11 

50 

24      Rust  Proof 

<i 

17 

Aug. 

31 

2.6 

0.4 

#• 
< 

15 

3 

35 

'»8      South  Carolina  BlaCk  .    .    . 

•  » 

13 

Sept. 

H 

3.9 

0.7 

14 

14 

5    10 

39 

'^l      Clvdesdale 

•  < 

Zi 

. » 

8 

4.6 

1.0 

14 

3 

4    10 

44 

32      Colorado  Yellow 

•  < 

20 

<• 

17 

3.8 

0.96 

11 

8 

3      4 

41 

34      Austrian  No.  2 

>< 

13 

4< 

8 

4.0 

1.0 

10 

4 

4    14 

45 

» 

American  Beauty 

t. 

17 

«• 

4 

3.6 

0.9 

9 

9 

3    11 

41 

39 

Black  Champion 

•  < 

Zi 

«< 

17 

3.45 

0.75 

3 

14 

3      3 

36 

40 

Monarch       

Aug. 
July 

17 

Oct. 
Sept. 

7 
17 

4.15 
3.5 

0.7 
1.0 

10 

7 

4 

5 

9 
2      3 

32 

42 

Race  Horse 

45 

44 

Swiss  Black 

Aug. 

3 

Oct. 

5 

4.0 

0.65 

11 

3 

2      5 

40 

46 

Victoria 

July 

17 

Sept. 

4 

3.5 

0.7 

8 

14 

3      1 

46 

Hopetown 

*» 

23 

•  • 

17 

3.6 

0.7 

10 

t 

4      6 

40 

47 

Waterloo 

»• 

31 

t% 

17 

4.0 

0.85 

11 

11 

4    10 

38 

49 

Silesian 

<< 

20 
31 

2 
31 

3  9 
4.6 

0.0 
1.2 

10 
9 

4 

7 

3      9 
1      9 

42 

50 

Golden  Giant 

35 

51 

5t^ 

Orient 

•  < 

•  • 

31 
31 
25 

Oct. 
Sept. 

5 
17 

4.0 
4.2 
4.1 

1.25 

i.:« 

0.8 

10 
10 
10 

6 
4 

11 

1    11 
1    11 

3      8 

41 

Lost 

37 

53 

Improved  American.  .    .    . 

38 

54 

Hargett's  White 

<< 

20 

•i 

8 

3.4 

0.9 

12 

3 

4      8 

43 

55 

Excelsior 

<< 

25 
13 

17 

2 

4.0 

3.8 

0.75 

0.8; 

14 
9 

10 
14 

4    14 
3    11 

40 

56 

Highbred 

45 

59 

Cape 

June 
July 

29 
6 

Aug. 
Sept. 

15 
4 

1.5 

2.8 

0.3« 
0.45 

4 

6 

4 
5 

1  8.5 

2  6 

40 

ftS 

Algerian 

-(3) 


34 
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Table  VI. — Oa/s,  i8gy. 

This  gives  the  results  of  the  second  year's  trial  of  all  the  varieties  reported  in  Table 
One  row  50  feet  long  of  each  variety  was  planted.    The  rows  were  18  inches  apart. 


o 
Z 


1 

2 

a 

5 

6 

^ 
t 

8 

9 
11 
Li 
14 
15 
16 
17 
18 
19 
21 

2a 

24 

28 

ai 
a2 

M 

a9 

40 
42 
44 
45 
46 
47 
49 
50 
51 
52 
5:j 
54 
55 
56 
59 
66  ! 


NAME 


White  Dutch 

Board  of  Trade  .... 

Australian 

Pringle's  Hulless  .   ,    . 

No.  6.   .   .   . 

No.  4  ...   . 

No.  6.  .  .  . 
Belgio-Russian  .... 

Russian  Black 

New  Zealand 

White  Russian  .... 
Black  Tartarian  .... 

Early  Yellow 

Early  Poland 

Poland 

Potato 

Chinese  Hulless.  .  . 
Pringle's  Excelsior    .    . 

Ru»t  Proof 

South  Carolina  Black  . 

Clydesdale 

Colorado  Yellow.  .   .    . 

Austrian  No.  2 

American  Beauty.  .  . 
Black  Champion    .   .    . 

Monarch 

Race  Horse 

Swiss  Black 

Victoria 

Hopetown 

Waterloo 

Silesian 

Golden  Giant 

Orient 

Lost 


Improved  American, 
Hargett's  While.  .    . 

Excelsior 

Highbred 

Cape 

Algerian 


O 

■o 

J3 


July    20 

22 
22 
20 
22 
26 
28 
26 
26 
28 
28 
28 

ai 

20 

28 

Aug.     9 

July    26 

"       20 

"       26 

••       20 

••       26 

Aug,     9 

July    22 

22 

26 

28 

26 

20 

30 

26 

20 

90 


28 
26 
26 
20 
28 
20 
8 
a* 


V 

a. 


ce 


Sept.    8 
3 
11 
4 
11 
11 
22 
8 

22 
22 

2a 

8 
11 
11 
13 
22 
3 
4 
11 
22 

a 

22 
11 
11 
11 
22 
11 
22 
8 
8 

22 
22 
22 
11 
22 
8 

Aug.  30 
Sept.  8 
3 
Aug.  25 
Oct.      7 


.2? 


feet 

a. 5 

4.1 

a. 35 

3.65 

3.67 

3.87 

3.33 

3.34 

3.66 

4.3 

3.6 

3.89 

3.74 

3.63 

3.33 

3.68 

3.26 

3.8 

3.53 

3.75 

3.92 

3.8 

3.27 

3.87 

3.09 

4.0 

4.0 

3.74 

3.6 

3.7 

3.52 

3.7 

3.48 

3.99 

3.36 

3.91 

3.77 

2.2 

3.5 


es 

4) 


a 


fitt 
0.7 

o.a5 

0.98 
0.88 
0.75 
0.78 
0.72 
0.ft2 
111 
0.86 
0.65 
0.79 
0.92 
0.84 
0.93 

0.77 

0.45 

0.75 

0.88 

0.85 

0.8 

0.85 

0.6 

0.81 

0.?2 

0.7 

0.85 

0.73 

0.55 

0.65 

0.85 

0.7 

0.74 

0.82 

0.72 

0.68 

0.75 

0.32 

0.6 


2£^ 
ts--  2 

_•  ~  VM 

lbs.  oz. 
9    12 

8 
8    10 


10 
9 


I 
12 

9 
19 

7 
11 


8 
t 
8 


7 
12 


6 
8 
10 
10 
5 
8 


4 

5 
1 
8 
1 


6    11 
10 


9 
4 
6 
8 

13 
4 


9    14 

3  14 

4  6 


COS 


I. 


12 

6 

13 


10    11 

9 


3 

13 
o 

8 


11    13 


10 
3 


8  12 

9  2 
7 

9 

9 

13 


1 
1 
2 

9    10 

8    13 

13    15 

12    11 


lbs.  oz.   1 
'>      8.51 


•> 

2 

2 
2 
5 
2 

o 

1 
a 

Q 
*> 

2 
1 
2 


a 


0.5' 

4 

1 

14 
12 

la 

12 

1» 
n.5 

iJ 

6 

8 

6 

10     I 


a  1 

2  a 

2  12 

2  11 


0. 


6 

2  6 

3  14 
a  4 

2  13 

3  12 
3  9 


1 

15 

1 

6 

2 

5 

3 

3.5 

1 

13 

2 

15 

4 

4 

1 

11 

1 

1 

a 


Ibi 

40 

43 

3» 

435 

40 

.X 

37 

31.5 


:« 

3^ 

% 

40.5 

;i3 

36 

48 

48 

:m.5 
47 

3R 

40 
39.5 

:» 

3>* 
41 
3S 
41  5 

:>5 

42 
35  5 

40 

40.5 

41 

42 
32 
35 
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Table  Vll.—Oats,  i8g8. 

This  gives  the  results  of  the  first  year's  trial  of  Professor  Blount's  collection  of  oats. 
The  varieties  reported  on  in  Tables  V  and  VI  were  originally  from  Professor  Blount,  but  the 
varieties  reported  in  the  following  table  were  grown  from  seed  selected  by  him  personally 
and  furnished  gratis  to  the  Station.  One  row  ten  feet  long  of  each  variety  was  planted. 
The  rows  were  20  inches  apart 


1 
o 

3 
4 
5 
6 

K 

9 
10 
11 
12 
13  ! 

W  , 

lis  i 

17  1 

li* 

21) 

21 

22 

23 

24 

25 

26 

27 

2« 

29 

30 

31 

32 

33 

34  I 

35  , 
38  I 
37  I 
3Sa 
38b' 
:i9  t 
40 
41 
42 
43 
44 
45 
46 
47 
4« 
49 
50 
51 
52 


NAME 


White  Dutch 

Board  of  Trade 

Australian 

Black  American 

Pringle's  HuIIess  .... 

No.  6 

No.  4 

No.  ft 

Belgio-Russian 

Schoenon 

Russian  Black 

Alexander 

New  Zealand 

White  Russian 

Black  Tartarian 

Early  Yellow 

Early  Poland 

Poland 

Early  Angus 

Chinese  Hulless  .... 

Triumph 

Pringle's  Excelsior   .   .    . 

Rust  Proof 

White  Eureka 

Welcome 

Novelty 

South  Carolina  Black..  . 

Golden  Sheaf 

Probster 

Clydesdale 

Colorado  Yellow   .... 

Austrian  No.  I 

"         No.  2 

American  Beauty.  .  .  . 
Burpee's  Welcome  ,  .  . 
Bohemian 


Q 


it 


Black  Champion 
Monarch  .... 

Dakota 

Race  Horse.  .  . 
Canadian.  .  .  . 
Swiss  Black.    .   . 

Victoria 

Hopetown.  .  .  . 
Waterloo  .... 

Harris 

Silesian  .... 
Golden  Giant.    . 

Orient 

Lost 


July  12 
12 
19 
14 
19 
23 
23 
23 
23 
23 
10 
10 
14 
23 
23 


t< 


4. 


»« 

t( 
t. 

t< 


19 
18 
23 
19 
28 
12 

5 
19 
19 
23 

5 
19 
19 
12 
19 
19 
12 
14 
19 
19 
19 
%\ 
23 
23 
1^ 
19 
19 
28 
14 
23 
19 

lune   30 

July     19 

28 

'•       28 

28 


>< 

<t 

•  i 

•  i 

(a 

t» 
(< 

44 
** 
<t 
<* 
44 
»4 
44 
4. 
4« 
44 
4* 
44 
«4 
«4 
tl 


a 


V 

a 


*% 

4« 


4< 
44 


Aug.  15 

••  15 

"  15 

23 

19 

44  27 

Sept.  2 

9 

Aug.  27 

•'  27 

"  27 

29 

15 

Sept.  tt 

Aug.  31 

Sept.  B 

Aug.  15 

Sept.  6 

Aug.  31 

"  23 

Sept.  6 

Aug.  19 

"  15 

'•  27 

"  16 

Sept.  6 

Aug.  15 

"  27 

"  29 

15 

Sept.  6 

Aug.  31 

4.  i; 

19 

*•  Z\ 

'•  27 

'•  27 

'  27 

•'  29 

44  12 

••  23 

Sept.  2 

Aug.  29 

Sept  12 

Aug.  16 

•'  29 

"  27 


'Z 

X 


feet 

3.20 

3.3 

3.29 

3.03 

3.0 

3.31 

3.65 

4.24 

3.29 

3.1 

3.3 

3.28 

3.21 

3.68 

3.03 

3.22 

3.28 

3.55 

3.72 

3.3 

4.04 

3.27 

2.82 

3.27 

3.31 

3.55 

3.05 

3.31 

3.3 

3.31 

4.04 

4.27 

3.31 

3.28 

3.31 

3.32 

4.0 

3.31 

3.67 

4.5 

4.0 

4.03 

4.07 

4.01 

3.58 

4.08 

3  65 


44 

15 

2.57 

44 

16 

3.75 

Sept. 

12 

3.97 

«• 

6 

4.24 

•  4 

6 

3.75 

•a 


ex 

c 


feet 

1.03 

0.94 

0.88 

0.67 

0.68 

0.63 

0.82 

1.08 

0.84 

0.81 

0.75 

0.75 

0.88 

0.98 

0.73 

0.82 

0.88 

0.7 

0.95 

0.78 

0.78 

0.72 

0.49 

0.T2 

0.88 

0.88 

0.63 

0.85 

0.8 

0.79 

0.73 

0.?2 

0.9 

0.86 

0,91 

0.91 

0.76 

0.85 

0.76 

0.92 

0.75 

0.88 

0.82 

0.84 

0.72 

0.?2 

0.77 

0.54 

0.88 

1.12 

0.95 

0.75 


.£'0 


00 


oz. 

6 

8 

7.5 

9 


4. 
13, 
10, 

6 
13 

5 
13 
15 

9 

3 
10 
11, 

6 


11 

4.5 

8.5 

5 

11.5 
17 

7.5 

8 

10.5 
16.5 
15 

9.5 
14 
19 
13 
13 

7 

9 
20 
13.5 
15 

5 
12 
14 
17 
12 
12 
14 
13.5 

6.5 

8 

5 

10.5 
11 


3 

£i 

u 
V 
Q. 

tt 


lbs. 
39.5 
38.5 
38 

32.5. 
40 

35.5. 
36 

35.5. 
37 
37 
37 
38 
38.5 
37.5. 
34.5 
36.5 
36 
35 

35.5- 
47 
ST, 

40.5. 
37 
38 
41 

34. .5. 
36 
39.5 
39 
41, 
37. 

:«.5 

41.5 

39 

41.5. 

40 

37 

38 

33.5 

Ti 

;».5. 

38 

:» 

36 

:*< 

37 

36.5 

29 

36 

35 

37 

34.5 


.5 
.5 
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Table  VII  (Continued).— Oa/s,  i8g8. 


c 


M 
56 
56 
,57 
,58 
.59 
t}2 
<S3 
65 
66 
68 
60 
71 
72 

7:1 

74 

75 
76 


NAME 


Improved  American. 
Hargett's  White.    .   . 

Excelsior, 

Highbred 

Algerian  No   1    .    . 
No.' 2   .    .    . 

Cape 

Tasmanian 

Foxtail 

Farrer 

Algerian 


rs  I 


July 


June 
July 


23 
19 
U 
15 
12 
o 
30 
23 
U 


ce 
O 


Aug.   27 

16 

"       16 

"       16 


it 


5 

t« 

<t 

10 

<t 

19 

<• 

12 

•» 

19 

<• 

19 

Sq 

19 

• 

Zi 

•  « 

Zi 

<4 

23 

«• 

27 


16 

••       16 

Sept.    6 

Aug.   16 

•'       16 

16 

16 

29 

31 

29 

29 

2 

2 

2 

2 

2 


feet 
3.88 
3.75 
3.65 
3.55 
3.75 
3.11 
2.44 
4.14 
3.75 
3.1 
3.25 
3.04 
3.33 
3.44 
4.31 
3.98 
3.85 
17 
.5 
.75 
.44 


4. 
4. 
4. 
4. 


V 


o 

X 

M> 

B 

a 


0.77 
0.92 
0.92 
0.94 
0.82 
0.72 
0.4:^ 
0.96 
0.68 
0.37 
0..'>7 
0.65 
0.6:1 
0.75 
0.9 

o.ra 

0.81 
0.3« 
0.91 
0.78 
0.85 


.S'o 

3 

j3 

•-s 

b 

U 

<•.< 

a 

oo 

^^ 

j= 

Yield 
from 

c 

oz. 

/^/. 

16 

10.5 

»~ 

8.5 
15 

I 

3 
10 

9 

7.5 

8 

5.6 
15 
16 

4 
19 
17.5 
16 
16 
12 


# . 


5 


5 
5 


365 

40 

37 

•^ 

39 

31 

30 

35 

37 

33 

31.5 

27.5 

3*5 

Tt 

20 

37.5 

37.5 

3^ 
39 
33 


Table  VIII. — Oafs,  i8gg. 

This  gives  the  results  of  the  second  year's  trial  of  all  the  varieties  reported  in  Tabic 
VH.     One  row  10  feet  long  of  each  variety  was  planted.     The  rows  were  20  inches  apart. 


1 
2 

:1 

4 
5 
6 
I 

8 
9 
10 
11 
12 
13 
14 
15 
16 


NAME 


White  Dutch  .   . 
Board  of  Trade  . 
Australian    .   .    . 
Black  American. 
Pringlc's  Hulless 

No.  6  . 

No.  4. 

No.  6  . 
Belgio-Russian  . 
Schocnon.  .  .  . 
Russian  Black  . 
Alexander  .  .  . 
New  Zealand  .  . 
White  Russian  . 
Black  Tartarian. 
Early  Yellow  ,   , 


July  28 
24 
24 
■  24 
20 
20 
24 
24 
24 
24 

20 
20 
20 

28 

28 


le 

cr 

"D 

a 

V 

t  " 

j: 

Uv 

"oS 

u 

X 

JC 

Sept.    8 

8 

8 

8 

Aug.   29 

Sept.     8 

8 

8 

8 

8 

Aug.   30 

Sept.     8 

Aug.   28 

Sept.     8 

"      8 

»•     8 


v 

X 

feet 
2.8 
2.5 
2.85 


s 

M 


0.t« 

o.ea 

0.8 


2.8 

0.7 

2.7 

0.6 

3.0 

0.6 

3.0 

0.6 

3.26 

0.8 

3.25 

0.7 

3.26 

0.7 

3.2 

0.7 

3.4 

06 

3.1 

0.8 

3.5 

0.8 

3.0 

0.05 

3.0 

0.8 

•r      I 


•-i  t 
> 


6 

6.5 

fS 
10 

H 

11.5 
10.5 
11  5 
12 
12.5 
11 

175 
10 
15  5 
12 
14 
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Tbble  VIII  (Continued).— <9a/:y,  i8gg. 


o 


17 

18 

20 

21 

22 

23 

24 

^ 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

3Sa 

38b 

3D 

40 

41 

42 

43 

44 

45 

46 

47 

48 

40 

50 

51 

52 

54 

55 
56 
57 
58 
50 
62 
63 
65 
66 
08 
60 
71 
72 
73 
74 
75 
76 
77 
78 


NAME 


Early  Poland  .... 

Poland 

Early  Angus   .... 
Chinese  Hulless    .   . 

Triumph 

Pringlc's  Excelsior  . 

Rust  Proof 

White  Eureka.  .   .   . 

Welcome 

Novelty 

South  Carolina  Black 
Golden  Sheaf.    .   .   , 

Probsler 

Clydesdale 

Colorado  Yellow  .  . 
Austrian  No.  1  .  .  . 
"  No.  2  .  .  . 
American  Beauty  .  . 
Burpee's  Welcome  . 
Bohemian 


Black  Champion   .   . 

Monarch 

Dakota 

Race  Horse 

Canadian 

Swiss  Black 

Victoria 

Hopetown 

Waterloo 

Harris 

Silesian 

Golden  Giant.    .    .    . 

Orient 

Lost 

Improved  American. 
Hargeit's  White.  .    . 

Excelsior 

Highbred 

Algerian  No.  1  .   .    . 
No.  2.   .    . 

Cape 

Tasmanian 

Foxtail 

Farrar 

Algerian 


•T3 

.S-o 

T3 

V 

X 

"« 

\ 

*© 

oo 

M 

u 

4^ 

»^ 

V 

V 

60 

M 

"^  s  > 
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0.7 

0 

•  • 

20 

Aug. 

28 

3.1 
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0.7 
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0.7 
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t< 

14 
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0..55 

20 

(« 
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3.0 
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0.6 

16.5 

(4 

28 

« 

8 

3.0 
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0.7 
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»< 
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*t 
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0.65 
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Table  IX. — BarUy,  i8g6. 

This  gives  the  results  of  barley  grown  from  seed  furnished  by  Professor  Vestal  of  New 
Mexico,  during  the  season  of  1896.  One  row  50  feet  long  of  each  variety  was  planted.  The 
rows  were  18  inches  apart. 
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1 
2 
4 
5 

4 

8 
9 
10 
11 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
26 
27 
•28 
29 
32 

:« 

34 
40 
41 
42 
46 
47 
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NAME 


^Smooth  Hulless  . 
Winnipeg  No.  1.  . 
♦New  Zealand   .   . 

Chevalier 

•Winter  (6-rowed). 

Purple 

Melon 

Del  Norte 

Triumph 

Kilma 

Scotch  Annat.    .   . 

Black 

Palestine 

Animate 

Guymalye 

Manchurian.  .   .   . 

Prick's 

•♦Spring  (4-rowed). 

Eufurt 

Nepaul 

Winter  .'4-rowed)  . 
Sibley's  Improved. 

Mansury 

Adams'  Heavy  .  . 
Sibley's  Pearl  .   . 

Berkley 

Zeochrit    

Perigerste 

Algerian  No.  2  .    . 
No.  3  .    • 

Battledore 

Himalaya 

Carter's  Prize.  .  . 
Goldthorpe  .    .    .    . 
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\i 

■•*' 

V 

JSZ. 

'^  f.^ 

M 
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55 
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2 

64 

6 
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0.28 
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2 
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«« 
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4 
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0m 
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0.4 
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W 

52 
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«« 

5 
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0.15 

13      7 

6 

10 

4« 

6 
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25 

2.5 
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15      3 

5 
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0.23 
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2 

62 
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9 

53 
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5 

52 
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0.32 
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• 
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0.33 
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•< 
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0.32 

9    10 

3 

5 
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53 
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7 

3.5 
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1 

53 

6 
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10 
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0.22 
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49 
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10 
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0.27 
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4 

15 

♦Seed  not  obtained  from  the  New  Mexico  Station. 
•♦Misnamed,  as  it  is  a  6-rowed  variety.     Part  of  crop  lost. 
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Table  X. — Barley,  iSg^. 

This  gives  the  re«4ull>  of  the  second  year's  trial  of  all  the  varieties  }{iven  in  Table  IX. 
i  »ne  row  50  feet  long  of  each  variety  was  planted.     The  rows  were  18  inches  apart. 
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Table  YA,— Barley,  i8gS, 

This  gives  the  results  of  the  firat  year's  trial  of  Professor  Blount's  collection  of  barley*. 
The  varieties  reported  on  in  Tables  IX  and  X  were  originally  from  Professor  Blount,  but  the 
varieties  reported  on  in  the  following  table  were  grown  from  seed  selected  by  him  personally 
and  furnished  gratis  to  the  Station.  One  row  10  feet  long  of  each  variety  was  planted  The 
rows  were  20  inches  apart. 
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Winnipeg  No.  1.  . 

No  2.  . 

New  Zealand  .  -.    . 

Chevalier 
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Winter  (6-rowed)   . 

Purple 
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Del  Norte 

Triumph 

Indian  No.  4   .    .    . 

Kilma 

Scotch  Annjit  .    .    . 

Black 

Palestine 

Animate 

Guymalye 

Manchurian.       .    . 

Frick's 

Spring  (4-rowcd;.  . 

Eufurt 

Nepaul 

Winter  (4-rowed)    . 

Phoenix 

Sibley's  Improved, 

Mansur>' 

Adams'  Heavy  .  . 
Sibley's  Pearl.  .  . 
Sibley's  Purple  .    . 

Wales 

Berkley 

Zeochjit 

Perigerste 

BlacK  Grain.  .  .  . 
Algerian  No.  2  .  . 
No.  3  .  . 
Battledore  .  .  .  . 
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Carter's  Prize.  .  . 
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2.59 
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3.0 

3.26 

2.35 

2.61 
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0.34 
0.29 
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0.28 
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0.26 

0.36 
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0.36 

0.31 
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0.3 
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XI. 


Table  XII. — Barley,  i8gg. 

This  gives  the  results  of  the  second  year's  trial  of  all  the  varieties  reported  in  Table 
One  row  10  feet  long  of  each  variety  was  planted.    The  rows  were  20  inches  long. 
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1* 
2*1 
3* 
4* 
5«i 
6* 
h  ' 
)0*' 
11* 
12*l 

13  ' 

14  I 

15  I 
16 

18  ' 

19  1 

21  I 

22  I 
23 

24  ' 
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26 
27 
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29 
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32 
33 
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46 
47 
48 
49 
50 


Smooth  Hulless.  . 

Winnipeg  No.  1 .  . 

No  2.  . 

New  Zealand  .   .    . 

Chev^iiier 

Zealand 

Purple 

Del  Norte 

Triumph 

Indian  No.  4  .   .    . 

Kilma 

Scotch  Annat      .    . 

Black 

Palestine 

Animate 

Guymalye 

Manchurian.  .    .    . 

Frick's 

Spring  (4-rowcd).  . 

Exifuri 

Nepaul 

Winter  (4-rowed)   . 

Phoenix 

Sibley's  Improved. 

Mansury 

Adams'  Heavy    .    , 

Sibley's  Pearl  .  .   . 

Purple  .    . 

Wales 

Berkley 

Zeochrit 

Perigcrstc  .  .  .  . 
Black  Grain.  .  .  . 
Algerian  No.  2  .  . 
No.  3  .  . 
Battledore    .... 

Himalaya 

Carter's  Prize.    .    . 
Goldthorpe  .... 
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Table  XlU.—  lV/ti'a/,  iSgd, 

Thi-;  tives  the  results  from  •'eed  obtained  from  different  sources.     By  usinc  the  New 
Mexico  number  reference  may  be  made  to  Table  I  and  the  results  of  the  -^me  variety,  ^rown 
from  New  Mexii  o  seed,  may  be  obtained.  One  row  50  feet  long  of  each  variety  was  'planted 
The  rou<  were  18  inches  apart. 


NAME 


Amethyst   .... 
Au.strali.in  Club  . 


Bearded  ()rcgon 

Beryl 

Black  Bearded  Centennial 

Blount'*  No.  1(5 

Blue  Stem 
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Judkin  . 
Missn^cn 
Nia.*;ara  . 


Norfolk  Red  No.  1. 
North  cote  Amber  , 
Nox 


Ont.'triit 

Pet.nli 

Polish 

Pride  of  America.  . 
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Table  KlV.—Oats.  1S96. 


m ' 


Bahic  WhiK.  .  . 

Biimiiin 

Black  Diamond  . 
Black  Kus^lan.   . 

ChinotcHuliese! 
ClydMdali.  .  .  . 
Danibroi  .  .  ,  . 
Daniih  Idand  .  . 

I:S.£'—': 

(iolden  Giant  ,  . 
-  Sid< 
Hall«'>Pcdigr«. 
Hilhbrcd  .  .  .  , 
Hopetown  .  .  .  . 

HulleH 

Illinaia 

L.incoln 

Negro  Woi^!  : 

New  Danith  Ii'liii 
New  Zealand  .  . 
Pnland  White  .  . 
PrJn(le'«  Ko.  S.  . 
Race  Hone  .  .  . 
Siherian 
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Table  XV.—BarUy,  i8g6. 

raL""bt'tifadc''l'o'Ta'blc"'lX  tJdTht  r«ifiV'of  ^fe"s 
eelf.  may  be  oblained      One  row  SO  ftel  long°o(  tac' 


The  Cryptogams  of  Wyoming. 

A  Preliminary  Report  upon  those  Species  which  have 

been  Secured  to  Date  in  the  Botanical 

Survey  of  the  State. 


BY 
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AVEN    NELSON. 


The  first  Report  on  the  Flora  of  Wyoming,  publish- 
in  May,  1896,  had  scarcely  more  than  a  reference  to  the 
cryptogamic  plants  of  the  state.  That  report  represent- 
ed only  two  seasons'  field-work,  devoted  almost  exclusively 
to  the  flowering  plants,  of  which  1,295  species  were  enum- 
erated. Since  it  was  issued,  four  seasons'  field-work  has 
been  done,  increasing  so  materially  our  knowledge  of  the 
plants  of  the  state  that  said  report  most  inadequately  rep- 
resents what  is  known  of  our  flora.  This  is  true  both  of 
the  seed  and  the  spore  plants,  but  especially  of  the  latter. 

Never  in  the  historv  of  Rockv  Mountain  botanv  has 
there  been  such  activity  as  during  the  last  half  decade. 
Field-work  has  been  prosecuted  bv  n^auy  collectors,  from 
Montana  to  New  Mexico.  Not  less  active  have  those  work- 
ers been  who  are  devoting  themselves  to  herbarium  work 
and  to  bibliographical  and  nomenclatural  studies.  As  a 
result  of  all  this  activity  our  publications  are  soon  out- 
grown and  new  editions  are  called  for  to  represent  the  ever 
increasing  collections  and  the  changes  in  nomenclature 
which  recent  studies  seem  to  indicate  as  essential  to  justice 
and  permanency. 

The  representation  of  Wyoming  plants  in  the  Rocky 
Mountain  tlerbarium,  which  is  being  built  up  at  this  insti- 
tution, has  increased  to  such  an  extent,  both  in  respect  to 
the  number  of  species  and  the  localities  represented,  that 
nothing  short  of  a  new  report  will  adequately  represent  its 
present  status.  Such  a  report  may  not  be  undertaken  now 
as  regards  the  seed  plants  but  the  still  relatively  shoi^t  list 
of  spore  plants  is  herein  presented.     This  annotated  list, 
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It  is  believed,  will  prove  of  interest  and  service  to  many. 

I'nless  otherwise  stated  the  specimens  upon  which  this 
report  is  based  were  collected  by  the  writer.  With  the  ex- 
ception of  a  few  well  authenticated  species,  none  are  re- 
ported unless  represented  by  one  or  more  specimens  in  this 
collection  (The  Rocky  Mountain  Herbarium).  Among  the 
collections  included  of  which  we  have  no  spe.dmens  are  the 
funp  secured  by  Mr.  David  Griffiths,  in  company  with 
Messrs.  T.  A.  Williams  and  L.  W.  Carter,  in  northeastern 
Wyoming,  the  list  of  which  was  published  in  Bull.  Torr. 
Pot.  (Mub,  Vol.  2(>  (1899),  some  lichens  collected  by  Rob- 
ert Reuleux  in  Yellowstone  Park,  determined  and  published 
by  T)v.  Stezenberger  (Erythea  3:i]0),  and  some  miscellane- 
ous s])ecies  from  Hayden's  Sixth  Annual  Report  (1873)  are 
also  included. 

For  the  determination  of  the  species  reported  in  this 
paper,  I  am  indebted  to  a  number  of  specialists  whose  names 
occur  in  connection  with  the  groups  represented.  The 
thanks  of  the  writer  is  extended  to  each  of  them  and  to  Mr. 
Elias  Nelson,  M.  A.,  who  has  greatly  assisted' in  the  prepa  a- 
tion  of  the  manuscript. 

THE  ALGAE. 

No  special  effort  has  been  made  to  collect  the  algae. 
Much  material  selected  for  use  in  the  class-room  has  been 
located  generically  only.  The  list  of  algae  if  ever  enumer- 
ated will  be  a  long  one.  The  waters  of  the  state  represent 
the  very  extremes  of  temperature  and  of  salt  content.  1 
have  no  doubt  that  many  undescribed  species  exist  in  the 
waters  of  our  numerous  alkali  lakes.  The  following  list 
represents  the  genera  that  have  been  noted  in  the  material 
used  in  the  botanical  courses.  The  specific  determinations 
(where  given)  are  by  Prof.  De Alton  Saunders,  except  in  Cha- 
ra,  which  is  bv  Dr.  T.  F.  Allen. 
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CI^ASS— DIATOMEAE. 

Diatoms  abound  in  all  of  our  waters.  Navicula,  Synedra,  Dia- 
toma,  Pinnularia,  etc.,  are  genera  well  represented.  The  specific  de- 
determinations  would  require  much  time. 

CI^ASS-  C  YANOPHYCEAE. 

NOSTOCACEAE 

Nostoc  commune  Vauch. 

Very  plentiful  in  small  pools  on  ledges  of  rock:  Telephone  Can- 
on, Albany  Co.,  April  28,  1897,  no.  2854. 

Anabaena 

This  genus  is  not  well  represented  though  onje  or  more  species 
occur  in  spring  pools. 

0!<CiL.L.AKIAL.Ii:S. 

In  this  order,  the  family  Oscillariaceae  is  represented  by  the 
following  genera;  Oscilllaria,  Lyngbya  and  Phormidium.  Some 
species  of  Oscillaria  met  with  in  laborrtory  material  are  probably, 
O.  Nigra  Vauch.,  O.  Froelichii  IQietz.  var.,  O.  graci  lima  Kuetz.  and 
O.  tenerrima  Kuetz. 

CI^ASS^CHI^OROFHYCEAE. 

PKOTOi'Oi'C  A  I.KS. 

This  order  is  represented  in  the  family  Protococcuceae  by  the 
genera,  Protococcus  and  Scenedesmus,  and  in  Hydrodlclyaceae  by 
Pediastrum. 

91PHOMAL.K9. 

The  genus  Vaucheria,  family  Vauchericc^ae,  is  represented  by 
a  species  which  is  probably  V.  germinata  (Vauch.)  DC. 

C  O:\Jl  GATAIifcJS. 

DESMIDIACEAE. 

Closterium  acerosum  (Schrank)  Khrh. 
Laramie,  Nov.  3,  1898,  no.  5360. 
Many  other  species  in  this  genus  occur  in  abundance. 

Gosmarium  sp. 

Plants  belonging  to  this  genus  have  been  observed  at  several 
times. 

MESOCARPACEAE. 

Mougeotia  scalaris  Hass. 

Big  Wind  River,  Fremont  Co..  Aug.  10, 1894,  no.  5375. 
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ZYGNEMACEAE. 

Zygnema  insignis  Kuetz. 

Laramie,  Albany  Co.,  Oct.  13,  1896  no.  2810;  Nov.  7,  1898.  no. 
5373. 

Zygnema  leiospermnm  De  By. 

Laramie,  Albany  Co.,  Nov.  3,  1898,  no.  5368. 

Zygnema  spp. 

Species  of  this  genus  are  very  common. 

Spirogyra  orbictdaris  (Hass.)  Kuetz. 

Common  in  the  creek:  Nez  Perces  Creek,  Yellowstone  National 
Park,  July  30,  1899,  no.  6239. 

Spirogyra  varians  (Hass.)  Kuetz. 

City  Springs,  Laramie,  Albany  Co.,  Apr.  9,  1898,  no.  4303. 

Spirogyra  spp. 

This  genus  is  well  represented.    A  considerable  number  of  dif- 
ferent forms  have  been  observed. 

C09iFlfiKV01UAL.lfiS. 

ULOTHRICHACEAE. 

Ulothriz  spp. 

Several  forms  belonging 'here  have  been  observed. 

Conferva  abbreviata  Rab. 

Laramie,  Albany  Co.,  Oct.  24,  1896,  no.  2819;  City  Springs,  Nov. 
3,  1898,  no.  5369. 

Conferva  bombycina  Ag. 

Laramie,  Albany  Co.,  Nov.  3,  1898,  no.  5364. 

CLADOPHORACEAE. 

Cladophora  fracta  Kuetz. 

In  alkali  ponds  and  lakes;  Laramie,  Albany  Co.,  Oct.  11,  1896, 
no.  2811;  Nov.  3,  1898,  no.  5363. 

Cladophora  fracta  horrida  Kuetz. 

Laramie,  Albany  Co.,  Nov.  3,  1898,  no.  5361. 

Cladophora  glomerata  Kuetz. 

Fish  Hatchery,  Albany  Co.,  Oct.  4,  1896,  no.  2808;  Laramie  Oct. 
11.  no.  2813. 

CHAETOPHORACEAB. 

Of  this  family  the  following  have  been  observed:    a  species  of 
Chaetophora,  probably  C.  longipila  Kuetz.,  found  on  8ul>merged  graaa 
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caulms  in  a  meadow;  two  species  of  Stigeoclonium,  probably  S.  ten- 
ue  Kuetz.  and  S.  fastiglatum  Kuetz.;  a  species  of  Drapamaldla. 

OEDOGONIACBAB, 

Plants  belonging  to  the  genus  Oedogonium  have  been  collected 
a  few  times  at  Laramie. 


UHAKALiUI*. 

CHARACEAB. 

Ohara  contraria  A.  Br. 

In  a  pond:  Mammoth  Hot  Springs,  Yellowstone  National  Park, 
July  20,  1899,  no.  6022. 

Chara  foetida  A.  Br. 

Very  frequent  throughout  the  state  in  stagnant  pools:  Wind 
River,  Fremont  Co.,  Aug.  9,  1894,  no.  796;  Sundance  Creek,  Crook 
Co.,  July  6,  1896,  no.  2208;  Iron  Mt,  Laramie  Co.,  Aug.  26,  no.  2738; 
Platte  River,  Laramie  Co.,  Aug.  27,  no.  2767;  Laramie,  Albany  Co.. 
Sept.  7,  no.  2780. 

Chara  fragilis  Desv. 

In  the  warm  water  of  the  creek:  Nez  Perces  Creek,  Yellowstone 
National  Park,  July  30,  1899,  no.  6238. 


FHAl<208FOKAL.l!:S. 

« 

8YNGENETICACEAE. 

Hydmms  foetidus  (Veil.)  Kirch. 

Fish  Hatchery,  Albany  Co.,  Oct.  4,  1896,  no.  2807. 

HydrurtiB  foetidiui  occidentalis  Harv. 

Fish  Hatchery,  Albany  Co.,  Nov.  29,  1896,  no.  2886. 


This  class  is  represented  by  one  species,  Batrachospermum  ge- 
latinosum  (L.)  A.  F.  Woods  (?),  of  the  family  Batrachospermaceae. 
order  Nemalionales. 
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THE  MOSSES.* 


J  l)  M  U1!:K  JH  A  K  M 1  Ai<lfi». 

JUNGERMANIACEAB. 

Chiloscsrphas  polyanthos  (L)  Corda. 

Submerged  in  mountain  brooks  and  alpine  lakes:  Centennial 
Hills,  Albany  Co.,  Aug.  20,  1896,  no.  2706;  La  Plata  Mines,  Aug.  28, 
1898,  no.  5230. 

Jungermannia  cordifolia  A.  W.  Evans. 

Wolf  Creek  Sberidan  Co.,  July  12,  1896,  no.  2321;  Centennial 
Hills  Albany  Co.,  Aug.  20,  1896,  no.  2705;  La  Plata  Mines,  Albany 
Co.,  Aug.  29,  1898,  no.  5247. 

MAUCUAnTlAL.li:i9. 

MARCHANTIACBAB. 

Marchantia  polymorpha  L. 

On  moist  ground  in  woods:  Head  of  Green  River,  Uinta  Co., 
Aug.  25,  1894,  no.  1051;  Centennial  Valley,  Albany  Co.,  Aug.  18, '1895, 
no.  1748;  Wolf  Creek,  Sheridan  Co.,  July  12,  1896,  no.  2318. 

Preissia  hemispbaerica  (L )  Cogn. 

On  the  wet,  shaded  banks  of  the  lake:  Lewis  Lake,  Yellowstone 
National  Park,  Aug.  21,  1899,  no.  6601. 

Conocephalus  cornea  (L.)  Dumort. 

Lower  Firehole  Basin,  Yellowstone  National  Park,  Aug.,  1872 — 
Coulter. 

CI^ASS— MUSCI. 

»FHAGNAL.12». 

SPHAGNACEAE. 

Sphagnum  acutifolium  Ehrh. 

Shoshone  Lakes,  Yellowstone  National  Park,  Sept.,  1872 — Coul- 
ter. 

Sphagnum  fimbriatum  Wils. 

In  Great  beds  on  we*  bottoms;  Obsidian  Creek,  Yellowstone  Na- 
tional Park,  July  24,  1899,  no.  6118;  Sylvan  Geysers,  July  26,  no. 
6181. 


*I  wish  to  acknowledge  the  painstaking  care  In  the  determination 
of  the  Mosses  by  Prof.  John  M.  Holzinger  of  the  State  Normal  School 
at  Winona,  Minn.  Some  of  the  groups  were  submitted  by  him  to  other 
specialists,  vis.,  Dr.  Cardot,  Dr.  True  and  others;  the  Hepatlcae  by  Dr. 
Underwood. 
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POLYTRICHACEAB. 

Pogonatnm  alpinum  Roehl. 

Battle  Lake  Mt.,  Carbon  Co..  Aug.  17,  1897,  no.  4225;  La  Plata 
Mines,  Albany  Co.,  Aug.  25,  1898,  no.  5170,  Aug.  28,  no.  5233. 

Polytrichum  commune  L. 

Yellowstone  National  Park:  Norris,  July  25,  no.  6144;  Sylvan 
Geysers,  July  26,  no.  6182. 

Polytrichum  gracile  Menz.  * 

Sylvan  Geysers,  Yellowstone  National  Park,  July  26,  1899,  no. 
6175. 

Polytrichum  Jenseni  Hagen. 

Beaver  Lake,  Yellowstone  National  Park,  July  24,  1899,  no.  6131. 

Polytrichum  juniperinum  VVilld. 

Sundance  Mt.,  Crook  Co.,  July  3,  1896,  no.  2180:  Yellowstone  Na- 
tional Park;  Glen  Creek,  June  30,  1899,  no.  5596;  Yancey's  July  17, 
no.  5935. 

Polytrichum  juniperinum  alpinum  Schimp. 

La  Plata  Mines,  Albany  Co.,  Aug.  24,  1895,  no.  1830. 

Polytrichum  piliferum  Schreb. 

I^  Plata  Mines,  Albany  Co.,  Aug.  21,  1895,  no.  1768,  Aug.  28, 
1898,  no.  5231;  Willow  Creek,  May  22,  1897,  no.  2919;  Lewis  River, 
Yellowstone  National  Park,  Aug.  9,  1899,  no.  6369. 

Polytrichum  sexangulare  Floerke. 

La  Plata  Mines  Albany  Co.,  Aug.  28,  1898,  no.  5232. 

Polytrichum  strictum  Menz. 

Little  Goose  Creek,  Sheridan  Co.,  July  16,  1896,  nos.  2361  in  part, 
2363;  Wood's  Creek,  Albany  Co.,  Aug.  11  1896  no.  2071. 

MNIACEAE. 

Mnium  afflne  Bland.  ^ 

Centennial  Valley  Albany  Co.,  Aug.  18,  1896,  no.  2670. 

Mnium  affine  rugicum  Bruch  &  Schimp. 

Snake  River,  Yellowstone  National  Park,  Aug.  12,  1899,  no.  6426. 

Mnium  cuspidatum  Hedw. 

Little  Goose  Creek,  Sheridan  Co.,  July  16,  1896,  nos.  2366,  2376. 

Mnium  cuspidatum  tenellum  Kindb. 

Laramie  Hills,  Albany  Co.,  May  21,  1898  no.  4308. 
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Mnium  homnm  L. 

La  Plata  Mines,  Albany  Co.,  Aug.  25,  1898,  no.  5171. 

Mninm  serratnm  Laich. 

La  Plata  Mines,  Albany  Co.,  Aug.  25,  no.  5176. 

Mninm  snbglobosnm  Bruch  &  Schimp. 

Centennial  Valley,  Albany  Co.,  Aug.  19,  1895,  no.  1744;  Centennial 
Hills,  Aug.  20,  1896,  no.  2702. 

Timmia  Anstri^a  Hedw. 

Laramie  Peak,  Albany  Co.,  Aug.  8,  1895,  no.  1645;  Wolf  Creek, 
Sheridan  Co.,  July  12,  1896,  no.  2324;  Little  Goose. Creek,  July  16, 
no.  2364  in  part 

Timmia  Anstriaca  brevifolia  Ren.  &  Card. 

Cooper  Hill,  Albany  Co.,  Aug.  22,  1897,  no.  4265;  La  Plata  Mines, 
Aug.  25, 1898,  no.  5174;  Tower  Falls,  Yellowstone  National  Park,  July 
16,  1899,  no.  5913. 

Anlacomninm  androgynnm  Schwaegr. 

On  logs  in  deep  woods:  Yellowstone  National  Park;  Obsidian 
Creek,  July  24,  1899,  no.  6099;  Snake  River,  Aug.  12,  no.  6429. 

Anlacomninm  palustre  Schwaegr. 

Common:  Lincoln  Gulch,  Aug.  12,  1896,  nos.  2601,  2618:  Sheri- 
dan Co.;  Dome  Lake,  July  16,  1896,  no.  2417;  Little  Goose  Creek,  no. 
2364  in  part:  Yellowstone  National  Park;  Druid  Peak,  July  12,  1899, 
no.  5795;  Nez  Perces,  Creek,  July  29,  no.  6232. 

Anlacomninm  papillosnm  Lesq.  &  James. 

Centennial  Valley,  Albany  Co.,  Aug.  19,  1895,  no.  1746  in  part, 

MEESIACBAE. 

Amblyodon  dealbatus  Beauv 

Ferris  Mts.,  Carbon  Co.,  July  25,  1898  no.  4976  in  part. 

t 
BARTRAMIACBAE. 

Bartramia  ithyphylla  Bird.  • 

La  Plata  Mines,  Albany  Co.,  Aug.  25,  1898,  no.  5177. 

Philonotis  fontana  Brid. 

Centennial  Valley,  Albany  Co.,  Aug.  18,  1895,  no.  1756;  Wolf 
Creek,  Sheridan  Co.,  July  12,  1896,  no.  2817;  Wood's  Creek.  Albany 
Co.,  Aug.  11,  1896  no.  2588;  Obsidian  Creek,  Yellowstone  National 
Park,  July  22,  1899,  no.  6062;  Lewis  River,  Aug.  9,  no.  6381. 
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Philonotis  fontana  alpina  Brid. 

Obsidian  Creek,  Yellowstone  National  Park,  July  24,  1899,  no. 
6110. 

Philonotis  Mohriana  Lesq.  &  James. 

Battle  Lake,  Mt.,  Carbon  Co.,  Aug.  17,  1897,  no.  4202  in  part. 

BRYACEAE. 

Bryum  angnstirete  Kindb. 

Cokeville,  Uinta  Co.,  June  11,  1898,  no.  4656. 

Brsnun  argentinm  L. 

Laramie,  Albany  Co.,  July  29,  1897,  no.  3454. 

Bryum  caespiticinm  L. 

Wood's  Creek,  Aioany  Co..  Aug.  9,  1897,  no.  3481;  Ft.  Bridger, 
Uinta  Co.,  June  8,  1898,  no.  4595;  Yellowstone  Lake,  Aug.  23,  1899, 
no.  6640. 

Brynm  cirrhatnm  Hoppe  &  Homsch. 

La  Plata  Mines,  Albany.  Co.,  Aug.  28,  1898,  no.  5235;  Cumminb, 
Albany  Co.,  July  30,  1895,  no.  1538  in  part 

Brinun  crassirameum  Ren.  &  Card. 

Ferr's  Mts.,  Carbon  Co.,  July  25,  1898,  no.  4977. 

Brynm  inclinatnm  Bruch  &  Schimp. 

Laramie  Hills,  Albany  Co.,  June  13,  1896,  no.  1928. 

Brynm  intermedinm  Brid. 

Centennial  Valley,  Albany  Co.,  June  18,  1895,  no.  1263. 

Brirnm  Oregannm  Sulliv. 

Centennial  Hills,  Albany  Co.,  Aug.  20,  1896,  nos.  2708,  2707  in 
part;  Dome  Lake,  Sheridan  Co.,  July  16,  1896,  no.  2416  in  part. 

Brynm  pendnlnm  Schimp. 

Little  Qoose  Creek,  Sheridan  Co.,  July  16,  1896,  no.  2362;  BufiTa- 
lo,  Johnson  Co.,  July  25,  1896,  no.  2505;  Centennial  Valley,  Albany 
Co.,  Aug.  17,  1896,  no.  2654. 

Brynm  psendotriqnetrinm  Schwaegr. 

Centennial  Valley,  Albany  Co.,  June  8,  1895,  no.  1259. 

Brynm  torgnescens  Bruch  &  Schimp. 

On  damp  ground  in  woods;  Druid  Peak,  Yellowstone  National 
.Park,  July  12,  1899,  no.  5801. 

Brynm  tnrbinatnm  latifolinm  Schimp. 

Ferris  Mt.,  Carbon  Co.,  July  25,  1898,  no.  4978. 
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Leptobrimm  pyriforme  Schimp. 

Centennial  Valley,  Albany  Co.,  Aug.  18,  1895,  nos.  1717,  1723  in 
part;  Centennial  Hills,  Albany  Co.,  Aug.  20,  1896,  no.  2707  In  part; 
Wood's  Creek,  Aug.  11,  no.  2589  In  part;  Yellowstone  Lake,  Aug.  11, 
no.  2589  in  part;  Yellowstone  Lake,  Aug.  24,  1899,  no.  6645. 

FUNARIACEAE. 

Funaria  hygrometrica  Hedw. 

Sheridan  Co.:  Wolf  Creek,  July  12,  1896,  no.  2322a;  Dome  Lake, 
July  16,  no.  2322. 

WEBERACEAE. 

Webera  albicans  Schimp. 

Centennial  Valley,  Albany  Co.,  June  9,  1895,  no.  1285;  North 
Vermillion  Creek,  Sweetwater  Co.,  July  17,  1897,  no.  3576;  Evanston, 
Uinta  Co.,  July  27,  1897,  no.  4128  in  part;  Battle  Lake,  Carbon  Co., 
Aug.  16,  1897,  no.  4180;  Hat  Six  Falls,  Natrona  Co.,  Aug  7,  1898,  no. 
5035;  La  Plata  Mines,  Albany  Co.,  Aug.  25,  1898,  no.  5248. 

Webera  cruda  Schimp. 

Centennial  Valley,  Albany  Co.,  Aug.  17,  1896,  no.  2657. 

Webera  nutans  Hedw. 

Sundance  Mt.,  Crook  Co.,  July  3,  1896,  no.  2173  in  part;  Lincoln 
Gulch,  Albany  Co.,  Aug.  13,  1896,  no.  2629;  La  Plata  Mines,  Aug.  25, 

1898,  no.  5175;   Yellowstone  National   Park;   Trout  Lake,  July  14, 

1899,  no.  5846;  Beaver  Lake,  July  24,  no.  6124;  Upper  Geyser  Basin, 
July  31,  no.  6259. 

TORTULACEAE. 

Barbula  amplexa  Lesq. 

La  Plata  Mines,  Albany  Co.,  Aug.  28,  1898,  no.  5234. 

Barbula  mucronifolia  Bruch  &  Schimp. 

Cooper  Hill,  Albany  Co.,  Aug.  22,  1897,  no.  4995;  Cummins,  July 
30,  1895,  no.  1538  in  part. 

Barbula  Muelleri  Bruch  &  Schimp. 

Sundance  Mt.,  Crook  Co.,  July  3,  1896,  no.  2181;  Hat  Six  Falls, 
Natrona  Co.,  Aug.  7,  1898,  no.  5034. 

Barbula  ruralis  Hedw. 

Near  Rock  Springs,  Sweetwater  Co.,  July  25,  1897,  no.  3598. 

Desmatodon  Porteri  James. 

Cummins,  Albany  Co.,  July  30,  1895,  no.  1538  In  part. 
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Leptotrichnm  flexicanle  Hampe. 

Tower  Falls,  Yellowstone  National  Park,  July  16,  1899,  no.  5912. 

Didymodon  rubellus  Bruch  &  Schimp. 

Head  of  Pole  CreeK,  Albany  Co.,  July  22,  1897,  no.  3438. 

DICRANACEAE. 

Gsnnnostomtim  curvirostrum  Hedw. 

South  Butte,  Sweetwater  Co.,  July  13,  1897,  no.  3549. 

Dicranoweisia  cirrhata  Lindb. 

On  recks;  Specimen  Ridge,  Yellowstone  National  Park,  July  15, 
1899.  n  X  5892. 

Dicranoweisia  crispula  Lindb 

Sheep  Mt.,  Albany  Co.,  July  3,  1897,  no.  3312. 

• 

Dichodontium  Olympicum  Ken   &  Cud. 

La  Plata  Mines,  Albany  Co.,  Aug.  25,  1898,  no.  5178. 

Dicrannm  Bonjeani  De  Not. 

On  dry  shaded  ground;  Beaver  Lake,  Yellowstone  National  Park, 
July  24.  1899.  no.  6125. 

Dicranum  neglectum  Jur. 

On  cliffs;  Yancey's  Yellowstone  National  Park,  July  17,  1899.  no. 
5936. 

Ceratodon  purpureus  Brid. 

Sheridan  Experiment  Farm,  Sheridan  Co..  July,  1894,  no.  1211 
in  part;  Sundance  Mt,  Crook  Co.,  July  3,  1896,  no.  2168;  Wood's 
Creek,  Albany  Co.,  Aug.  11,  1896,  no.  2589  in  part. 

Distichium  capillaceum  Bmch  &  Schimp. 

Wolf  Cre€k  Canon,  Sheridan  Co.,  July  12,  1896,  nos.  2298,  2307, 
2315;  Buftalo,  Johnson  Co.,  July  25,  no.  2507  in  part;  Laramie  Hills, 
Albany  Co.,  May  31,  1898,  no.  4307;  La  Plata  Mines,  Aug.  25,  no.  5173; 
Druid  Peak.  Yellowstone  National  Park,  July  12,  1899,  no.  5803. 

Distichium  inclinatum  Bmch  &  Schimp. 

On  rocks,  Mammoth  Hot  Springs,  Yellowstone  National  Park. 
July  20.  1899,  no.  6026. 

GRIMMIACEAE. 

Bacomitrium  canescens  Brid. 

Nez  Perces  Creek,  Yellowstone  National  Park,  July  29,  1899,  no. 
6210. 

Bacomitrinm  fasiculare  Brid. 

Jackson's  Lake,  Uinta  Co.,  Sept.,  1872 — Coulter. 
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Grimmia  alpestris  Schleich. 

Centennial  Hills,  All)any  Co.,  Aug.  20,  1896,  no.  2699. 

Grimmia  apocarpa  Hedw. 

Dome  Lake,  Sheridan  Co.,  July  16,  1896,  no.  2416  in  part. 

Grimmia  calyptrata  Hook. 

Willow  Creek,  Albany  Co.,  May  22,  1897,  no.  2917. 

Grimmia  commutata  Hueben. 

La  Plata  Mines,  Albany  Co.,  Aug.  29,  1898,  no.  5243. 

Grimmia  conferta  Funck. 

Yellowstone  Valley,  Aug.  1872— Coulter. 

Grimmia  Scouleri  Meull. 

Yellowstone  Valley,  Aug.,  1872 — Coulter. 

Sconleria  aquatica  Hook. 

£>ome  Lake,  Sheridan  Co.,  July  16,  1986,  no.  2416. in  part. 

Encalypta  ciliata  Hedw. 

Sundance  Mt,  Crook  Co.,  July  3,  1896,  no.  2173  in  part 

Encalypta  rhabdocarpa  Schwaegr. 

Little  Goose  Creek,  Sheridan  Co.,  July  16,  1896,  no.  2361  in  part; 
Telephone  Canon,  Albany  Co.,  Apr.  28,  1897,  no.  2855. 

Orthotrichum  cupnlatnm  HoiTm.   ? 

Willow  Creek,  Albany  Co.,  May  22,  1897,  no.  2918. 

Orthotrichum  laevigatum  Zett. 

Druid  Peak,  Yellowstone  National  Park,  July  2,  1899,  no.  5791. 

HYPNACEAE. 

Psendoleskea  oligoclada  Lindb. 

Centennial  Hills,  Albany  Co.,  Aug.  18,  1895,  no.  1724. 

Thuidium  Blandovii  (Web.  &  Mohr.)  Bruch. 

Centennial  Valley,  Albany  Co.,  Aug.  19,  1895.  no.  1746  in  part. 
Centennial  Hills,  Aug.  20,  1896,  no.  2700. 

Leskia  n-  sp.  (?) 

Hat  isix  Falls,  Natrona  Co.,  Aug.  7,  1898,  no.  5036. 

Camptothecium  aaneum  (Xitt )  Lcsq  &  James. 

Sundance  Mt.,  Crook  Co.,  July  3,  1896,  no.  2166;  Hatk,Six  Falls, 
Natrona  Co.,  Aug.  7,  1898,  no.  5039;  La  Plata  Mines.  Albany  Co., 
Aug.  30,  1898,  no.  5265. 
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Oamptothecitim  Intescens  Bruch  &  Schimp. 

On  moist  ground.  Mammoth  Hot  Springe,  Yellowstone  Nation- 
al  Park,  July  21,  1899,  no.  6041. 

Brachytheciom  acutum  Sulliv. 

Centennial  Valley,  Albany  Co.,  Aug.  17,  1895,  no.  1698. 

Brachythecinm  rivulare  Bruch  &  Schimp. 

Albany  Co.:  Laramie  Peake,  Aug.  7,  1895,  no.  1622;  Centennial 
Hills,  Aug.  20,  1896,  no.  2701;  Laramie,  Sept.  15,  1897,  no.  4283. 

Brachythecinm  salebrosnm  Bruch.  &  Schimp. 

Wood's  Creek,  Albany  Co.,  Aug.  9,  1897,  no.  3480;  The  Thunder- 
er Yellowstone  National  Park,  July  13,  1899,  no.  5812. 

Brachythecinm  Utahense  James. 

Centennial  Hills,  Albany  Co.,  Aug.  20, 1896,  nos.  2712  2716. 

Raphidostegium  recurvans  Lesq.  &  James. 

Lincoln  Qulch,  Albany  Co.,  Aug.  13,  1896,  no.  2628. 

Amblysteginm  fllicinnm  Lindb.  var. 

Ferris  Mts.,  Carbon  Co.,  July  25,  1898,  no.  4976  in  part. 

Amblysteginm  hygraphilnm  Schimp.  (?) 

In  a  bog;  Yanceys'  Yellowstone  National  Park,  July  16,  1899,  no. 
5903. 

Amblysteginm  Kochii  Schimp. 

Sundance  Creek,  Crook  Co.,  July  7,  1896,  no.  2233;  Centennial 
Valley,  Albany  Co.,  Aug.  18,  1896,  no.  2671. 

Amblysteginm  porphyrrhiznm  Lindb. 

On  a  moist,  rotten  log;  Laramie  Hills,  Albany  Co.,  June  13,  1896. 
no.  1929. 

Amblysteginm  serpens  Bruch  &  Schimp. 

Ferris  Mts.,  Carbon  Co.,  July  25,  1898,  no.  4979  in  part. 

Amblysteginm  varium  Lindb. 

Ferris  Mts.,  Carbon  Co.,  July  25,  1898,  no.  4979  in  part. 

Hypnnm  aduncum  Hedw 

Cooper  Hill,  Albany  Co.,  Aug.  22,  1897,  no.  4266;  sft.  Bridger, 
Uinta  Co.,  June  9,  1898,  no.  4609;  Cokeville,  June  11,  na.  4624;  La 
Plata  Mines,  Albany  Co.,  Aug.  30,  1898,  no.  5262;  Obsidian  Creek, 
Yellowstone  National  Park,  July  24,  1899,  no.  6106. 

Hypnnm  adnncum  Kneiffii  Schimp. 

Little  Laramie  River,  Albany  Co..  Sept.  14,  1896,  no.  4294. 
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Hypnum  arcticnm  Sommerf. 

Centennial  Hille,  Albany  Co.,  Aug.  20,  1896,  no.  2704. 

Hypnum  callichroum  Brid.  (?) 

Evanston,  Uinta  Co.,  July  27,  1897,  no.  4128  in  part. 

Hypnum  capillifolium  Warnst. 

Dome  Lake,  Sheridan  Co.,  July  16,  1896,  no.  2408;  Wagoa  Hound 
Creek,  Carbon  Co.,  Aug.  21,  1897,  no.  4262;  Evanston,  (Jinta  Co., 
Aug.  31,  1897,  no.  4277. 

Hypnum  conunutatum  Hedw. 

Union  Pass,  Fremont  Co.,  Aug.  12,  1894,  no.  1078. 

Hypnum  depressulum  MueP. 

Laramie,  Hills,  Albany  Co.,  June  13,  1896,  no.  1924;  La  Plata 
Mines,  Aug.  25,  1898,  no.  5172. 

Hypnum  filicinum  L. 

Green  Mt.,  Crook  Co.,  July  6,  1896,  nos.  2221,  2222. 

Hypnum  fluitans  L. 

Snake  River,  Yellowstone  National  Park,  Aug.  12,  1899,  no.  6485. 

Hypnum  hispidulum  Brid 

Beaver  Creek,  Weston  Co.,  July  30,  1896,  no.  2563;  Cooper  Hill, 
Albany  Co.,  Aug.  22,  1897,  no.  4296. 

Hypnum  laetum  Brid. 

Yellowstone  Valley,  Aug.  23,  1872— Coulter. 

Hypnum  palustre  Hedw. 

Battle  Lake  Mt.,  Carbon  Co.»  Aug.  17,  1897,  no.  4202  in  part. 

Hypnum  plicatile  Lesq.  &  J^mes 

Cummins,  Albany  Co.,  July  29,  1895,  no.  1507. 

Hsrpnum  Tevolutum. 

Head  of  Pole  Creek,  Albany  Co.,  May  5,  1897,  no.  2861. 

Hypnum  stellatum  Schreb. 

Beaver  Creek,  Weston  Co.,  July  30,  1896,  no.  2656. 

Hypnum  symmetricum  Ren.  &  Card. 

Dome  Lake,  Sheridan  Co.,  July  16,  1896,  no.  2416,  no.  2416  in  part, 

Hypnum  uncinatum  Hedw. 

La  Plata  Mines,  Albany  Co.,  Aug.  29,  1898.  no.  6244;  Tower  Falls, 
Yellowstone  National  Park,  July  16,  1899,  no.  5911. 

Ximnobium  (?)  sp 

Hat  Six  Falls,  Natrona  Co.,  Aug.  7,  1898,  ud.  5038. 
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STERBODONTACBAB. 

Hylocomium  splendens  Bruch  &  Schimp. 

Wolf  Creek  Canon,  Sheridan  Co.,  July  12,  1896,  no.  2806. 

Plagiothecinm  SuUivantiae  Schimp. 

La  Plata  Mines,  Albany  Co.,  Aug.  29,  1898,  no.  5242. 

NECKERACEAE. 

Climacium  Americanum  Hrui 

Centennial  Valley,  Albany  Co.,  Aug.  18,  1895,  no.  1724. 

Climacium  dendroides  Web.  &  Mohr. 

Upper  Canon  of  the  Madison  River,  Aug.,  1872 — Coulter. 

Pontinalis  antipyretica  Oregonensis  Ken.  &  c  ard.  (?) 
Lincoln  Gulch,  Albany  Co.,  Aug.  12,  1896,  no.  2619. 

Pontinalis  Duriali  Schimp. 

North  Vermillion  Creek,  Sweetwater  Co.,  July  17,  1897,  no.  3577 

Pontinalis  hypnoides  Hartm. 

Evanston,  Uinta  Co.,  May  29,  1897,  no.  3004;  Albany  Co.,  Aug. 

7,  1897. 

Pontinalis  Neo-Mexicana  Sulliv.  &  Lesq. 

Little  Goose  Creek,  Sheridan  Co.,  July  16,  1896,  no.  2371;  Buffa- 
lo, Johnson  Co.,  July  25,  1896  no.  2506. 

Pontinalis  Neo-Mexicana  Colnmbica  Cardot 

In  flowing  water;  Spring  Creek  Yellowstone  National  Park,  Aug. 
3.  1899. 

Pontinalis  nitida  Lindb. 

Moorcraft,  Crook  Co.,  July  8,  1896,  no.  2248. 

Hedwigia  ciliata  Ehrh. 

Shoshone  Lake,  Yellowstone  National  Park,  Sept.,  1872 — Coulter. 
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THE  FUNGI.* 

Dr.  Underwood,  in  hig  recently  published  book^  Moulds^ 
Mildews  and  Moshrooms,  gives  a  brief  sommary  of  the 
work  that  has  been  done  opon  the  fnngi  in  the  different 
states  and  countries  of  North  America,  Of  Wyoming  he 
writes  as  follows:  "Comparatively  little  has  been  done  in 
the  direction  of  local  study  of  fungi  in  this  state.  Profes- 
sor Aven  Nelson  has  collected  a  few  species  in  connection 
with  his  work  on  the  higher  flora  of  the  state,t  and  Prof. 
T.  A.  Williams  and  David  Griffiths  have  collected  largely 
the  parasitic  fungi  in  connection  with  other  work.  Most 
of  these  collections  are  as  yet  unstudied."  Little  as  has  been 
done  in  this  s-tate  we  are  not  worse  off  than  some  of  the  oth- 
er and  much  older  states,  some  of  which  Dr.  Underwood 
designates  as  terrae  incognitae.  With  the  publilation  of 
the  present  list,  we  may  at  least  say  that  a  beginning  has 
Wou  made. 

J  tut  it  is  only  a  beginning.  A  region  of  100,000  square 
miles  in  extent,  with  a  climate  varying  according  to  the 
conformation,  the  exposure  and  the  altitude  and  latitude 
of  the  land  represented  gives  a  flora  as  varied  as  its  topo- 
graphy. Unless  the  number  of  workers  in  this  field  is  vast- 
ly increased  it  will  be  many  years  yet  before  the  state  is 
measureably  well  known. 

The  fungi  pwirasitic  upon  the  higher  plants,  esi>ecial- 
ly  upon  the  crop  plants,  are  always  the  first  to  receive  con- 
sideration. The  smuts,  the  rusts  and  the  mildews  attract 
attention  by  reason  of  the  disastrous  effect  that  they  pro- 
duce in  the  garden,  the  orchard  and  the  field.  Those  that 
are  the  most  to  he  dreaded  usually  find  their  way  into  new 
territorv^  in  connection  with  the  introduction  of  their  nat- 

9y 


*For  the  determination  of  the  parasitic  fungi  we  are  indebted  to  Dr.  J.  B.  EIH$  of  New-field. 
N.  J^  while  the  few  species  of  woody  and  fleshy  foi;ms  were  examined  by  Dr.  L.  M.  Underwood 
and  Dr.  C.  H.  Peck,  respectively, 

fThe  statement  must  be  based  upon  and  have  reference  to  the  exceedingly  short  list  pub- 
lished in  Bulletin  28  ot  this  Station,  the  report  referred  to  above. 
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ral  hoHts.  The  remarkable  immunity  that  this  state  has  so 
far  enjoyed  is  to  be  associated  with  the  climatic  conditions 
which  are,  in  a  measure,  unfavorable  to  the  development 
of  the  parasitic  fungi.  Those  which  are  epithytic  or  infect 
the  host  plant  through  its  external  tissues  are  not  particu- 
larly abundant  in  Wyoming.  These  need  for  their  highest 
development  a  moist,  warm  climate.  However,  a  number 
of  species  have  adapted  themselves  even  to  the  conditions 
that  prevail  on  the  arid  plains  as  well  as  to  those  of  the 
colder,  moist  mountain  regions.  These  are  of  interest  since 
they  show  that  even  our  climatic  conditions  must  not  be  ex- 
pe<!ted  to  secure  for  our  crops  complete  immunity.  That 
class  of  endopnrasiteSy  represented  by  the  smuts,  which  pass 
their  life  history,  in  large  part,  wholly  within  the  tissues 
of  the  host  may  become  as  troublesome  here  as  elsewhere. 


THE  FLE8HY  FUNGI. 

Mushrooms,  toadstools,  etc.,  seem  to  be  very  abund- 
ant in  the  state  but  their  study  is  attended  by  almost  in- 
surmountable difficulties.  Only  collectors  realize  how  hard 
it  is  to  so  dry  specimens  as  to  preserve  them  and  yet  leave 
them  in  condition  for  study.  Such  plants  should  be  studied 
in  the  fresh  state,  but  this  is  also  nearly  precluded  with  us. 
They  are  a  product  found  almost  exclusively  in  the  woods 
and  as  such  collecting  grounds  are  from  30  to  50  miles  dis- 
tant and  only  to  be  visited  with  team  and  camp  outfit  it 
will  be  .seen  that  fresh  S[)ecimens  for  the  laboratc^ry  are 
hardlv  to  be  considered. 

Because  of  the  difficulties  attending  their  study  no  lit- 
erature has  been  produced  especially  devoted  to  this  part 
of  our  flora.  What  is  known  is  so  widely  scattered  in  all 
sorts  of  publications  that  access  to  such  information  is  dif- 
ficult and  implies  extensive  library  facilities.     Difficult  as 

• 

it  is  to  bring  the  plants  to  the  laboratory  it  would  be  more 
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difficult  to  take  the  library  and  laboratory  to  the  planu. 
How  these  obstacles  are  to  be  met  is  for  the  future  to  solve 
but  in  the  meantime  this  much  is  known,  that  many  escu- 
lent sjHH^ies  occur  in  the  greatest  abundance  in  our  Con 
iferous  forests. 

Clavarias  of  the  most  delightful  flavor  are  met  with 
and  are  freelv  eaten  bv  manv  who  find  them  recommended 
by  this  fact  solely,  that  browsing  animals  (deer)  feed  upon 
them  unharmed.  If  one  may  lake  this  as  a  safe  test  there 
are  among  the  Agarics,  the  Boleti  and  the  Lycoi>erdons 
many  other  species  worthy  of  our  acquaintance. 

Besides  the  species  enumerated  in  the  following  list 
of  fungi,  many  more  will  undoubtedly  be  found  when  the 
lower  altitudes  of  the  state,  as  yet  largely  unexplored,  shall 
ha  AC  been  careful  Iv  worked. 

CliASS— PHYC  OM  YC£TES. 

PJbSKOMOSl'OK  A  LKS. 

ALBUGINACEAE. 

Albugo  Candida  (Pers.)  Kuntze, 

On  Thlaspi  glaucum;  Battle  I^Ke,  Car  ben  Co,  Au%.  16,  1897 
uo.  4177. 

CLASS— ASCOMYCET£S. 
k.\UASl'AL.KS. 

EXOASCACEAE. 

Taphrina  Quercus  (^  ke  )  F'..  »S:  K. 

On  Quercus  macrocarpa;  Sundance,  Crook  Co.,  July  3.  1896,  no 
2167. 

ERYSIBACEAE. 

Podosphaera  Allii  Oriffiiths. 

On  Allium  brevistylum;  Williams  and  Griffiths.  Big  Horn  Mts. 
near  Buffalo,  Johnson  Co. 

Podosphaera  Oxyacanthae  (O  ' )  l>e  Hv. 

David  Griffiths:  on  Spiraea  lucida,  S.  Fork  Plney  Creek,  Sheridaii 
Co.;  on  Prunus  demissa,  S.  Fork  Piney  Creek;  on  Crataegus  rlvu- 
laris,  Buttes. 
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Sphaerotheca  Castagnei  Lev. 

Reported  by  David  Griffiths  from  Sheridan,  Johnson  and  Creek 
Counties,  on  eight  different  hosts. 

Sphaerotheca  Epilobii  (Link.)  De  By. 

On  Epilobium  adenocaulon;  David  Griffiths,  Buffalo,  Johnson  Co. 

Sphaerotheca  Humuli  (DC.)  Burrill. 

On  Pedicularis  sp.;  Teton  Mts.,  Uinta  Co.,  Aug.  16,  1899,  no. 
6526:  also  by  David  Griffiths,  on  Viola  Cadensis,  Buffalo,  Johnson 
Co.r  on  Geranium  Richardsoni,  Bear  Lodge  Mts.,  Crook  Co.;  on 
Humulus  i^upulus,  Buffalo. 

Sphaerotheca  mors-uvae  (Schw.)  B.  &.  C. 

On  Ribes  lacustri;  David  Griffiths,  Buffalo,  Johnson  Co. 

Sphaerotheca  pannosa  (Wallr. )  Ff. 

On  Rosa  Woodsii;   David  Griffiths,  Ft.  McKinney,  Johnson  Co. 

Phyllactinia  suffulta  (Reb.)  Sacc. 

On  Amelanchier  alnifolla:  Sand  Creek,  Albany  Co.,  Aug.  8,  1896, 
no.  2049;  Laramie  Hills,  Albany  Co.,  Sept.  13,  1899,  no.  6908:  on 
Betula  occidentalls ;   David  Griffiths,  Ft.  McKinney,  Johnson  Co. 

Uncintda  Salicis  (DC.)  Wint. 

David  Griffiths:  on  Salix  sp.,  Buttes,  Crook  Co.;  on  Populus  bal- 
samifera,  Buffalo,  Johnson  Co. 

Microsphaera  Alni  (DC.)  Wint. 

On  Lonicera  giaucescens;  David  Griffiths,  Bear  Lodge  Mts., 
Crook  Co. 

Microsphaera  diffasa  C.  &   P. 

David  Griffiths:  on  Vicia  Americana,  Buffalo,  Johnson  Co.;  on 
Glycyrrhiza  lipidota,  Buttes,  Crook  Co. 

Microsphaera  qnercina  (Schw  )  Bmrill 

On  Quercus  macrocarpa;  David  Griffiths,  Buttes,  Crook  Co. 

Microsphaera  Ravenelii  Berk 

On  Lathyrus  venosus;  David  Griffiths,  Bear  Lodge  Mts.,  Crook 
Co. 

Microsphaera  Vaccinii  C.  &.  P. 

On  Vaccinium  microphyllum;  David  Griffiths,  Buffalo,  Johnson 
Co. 
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Erysibe  Cichoracearnm  DC. 

Common:  on  Hydrophyllum  occidentale,  Cummins,  Albany  Co. 
July  29,  1895,  no.  1516;  on  Orindelia  ep.,  J.  Johnson's  ranch,  Albany 
Co.,  Aug.  8,  1897,  no.  3471a;  on  Prryocoma  lanceolata,  Laramie,  Al- 
bany Co.,  Sept.  6, 1898,  no.  5287;  on  Lapula  sp.,  Teton  Mts.,  Uinta  Co., 
Aug.  16  1899,  no.  6495.  Also,  collected  by  David  Griffiths  on  twelve 
different  hosts  in  Sheridan,  Johnson  and  Crook  counties. 

Erysibe  communis  (Wallr.)  Fr. 

Very  abundant  and  widely  distributed:  on  Geranium  incisum, 
Pass  Creek,  Sheridan  Co.,  July  21,  1896,  no.  2475;  on  Lydodesmia  sp., 
Cabbria  Canon,  Converse  Co.,  July  29.  1896,  no.  2520;  on  Trifolium 
longipefi,  Evanston,  Uinta  Co.,  July  28,  1897,  no.  3866a;  on  Lonicera 
involucrata,  Evanston,  July  27,  no.  4124;  on  Anogra  pallida,  J.  John- 
son's ranch,  Albany  Cq.,  Aug.  8,  1897,  no.  4293;  on  Chrysothamnua 
Vaseyi,  Laramie  Hills,  Albany  Co.,  Sept.  28,  1897,  tto.  4301;  on  Poly- 
gonum aviculare,  Laramie,  Sept.  15,  1899,  no.  6889.  Also,  by  David 
Griffiths  on  seven  other  hosts  in  Johnson  and  Crook  counties. 

Erysibe  Galeopsidii  DC. 

On  Stachys  palustris;  David  Griffiths,  Ft.  McKinney,  Johnson 
Co. 

Erysibe  graminis  DC. 

On  Poa  nemoralis;  Grand  Encampment  Creek,  Carbon  Co..  Aug. 
13,  1897,  no.  3983a;  David  Griffiths,  on  three  other  hosts  in  Johnson 
Co. 

PERISPORIACEAB. 

Dimerosporiiim  Collinsii  (Schw.)  £.  &  £. 

On  Amelanchier  alni folia;  Sundance  Mt.,  Crook  Co.,  July  3,  1896, 
no.  2172. 

Capnodinm  salicinum  A.  &  8. 

On  the  bark  of  living  Populas  tremuloides;  Willow  Creek,  Al- 
bany Co.,  May  22,  1897,  no.  2922. 

Lasiobotrys  Lonicerae  Kze. 

On  Symphoricarpos  sp.;  Evanston,  Uinta  Co.,  July  27,  1897,  no. 
4112. 

SPUAliSKlAL.KS. 

CUCURBITARIACEAE. 

Otthia  morbosa  (Sch-.v  )  E.  &  E. 

On  Prunus  Americana;  Pass  Creek,  Sheridan  Co.,  July  21,  1896, 
no.  2492:  on  Prunus  demissa;  Pass  Creek,  no.  2493. 
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SPHAEREL.LOIDEACEAE. 

Sphaerella  Fassiana  De  Not. 

On  Festuca  Kingii;  Sheep  Mt.,  Albany  Ck).,  July  3,  1897,  no. 
3300a. 

Sphaeria  Conlteri  Peck. 

"Leaves  and  branchlets  of  pines;"  near  Yellowstone  Lake,  Aug. 
1872— Coulter. 

A8i;OL.li;Uli3NAL.li3».* 

CALICIACBAE. 

Acolinm  tigillare  (Ach.)  De  Not. 

On  dead  dry  wood;  Telephone  Canon,  Albany  Co.,  May  29,  1897, 
no.  2935. 

CLADONIACEAE. 

Stereocanlon  tos^entosniii  (Fr.)  Th.  Fr.* 

In  small  mats  in  pine  woods:  Lincoln  Gulch,  Albcmy  Co.,  Aug. 
13,  1896,  no.  2620;  Centennial  Hills,  Aug.  20,  no.  2690. 

Oladonia  cariosa  (Ach.)  Spreng. 

Sundance  Mt.,  Crook  Co.,  July  3,  1896,  no.  2175. 

Cladonia  deformis  (L.)  HofTm. 

On  moist  rotten  logs  in  the  woods:  Yellowstone  Park;  Olen 
Creek,  July  1,  1899,  no.  5616,  Beaver  Lake,  July  24,  no.  6123. 

Olodonia  degenerans  Floerk. 

Obsidian  Creek,  Yellowstone  National  Park,  July  24,  1899,  ho. 
6119.  .      . 

Cladonia  flmbriata  coniocraea  (Floerk  )  Wainio. 

Centennial  Hills,  Albany  Co.,  Aug.  20,  1896,  no.  2710;  Yancey's, 
Yellowstone  National  Park,  July  17,  1899,  no.  5932. 

Cladonia  flmbriata  simplex  (\\'eis.)  Wainio. 

Sundance  Mt.,  Crook  Co.,  July  3,  1896,  nos.  2170,  2171;  Lincoln 
Gulch,  Albany  Co.,  Aug.  12,  1896,  nos.  2607,  2608;  Battle  Lake,  Car- 
bon Co.,  Aug.  15,  1897,  no.  4167. 

Cladonia  gracilis  (L  )  Nyl. 

On  moist  ground;  Centennial  Hills,  Albany  Co.,  Aug.  20,  1896, 
no.  2711. 


^Thls  list  of  Lichens,  though  not  exhaustive,  will  give  a  fair  notion 
of  the  prevailing  forms.  For  their  determination  we  are  under  many 
obligations  to  Prof.  T.  A.  Williams  of  the  Division  of  Agrostology  of  the 
U.  8.  Department  of  Agriculture  . 
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Cladonia  pyxidata  (L.)  Fr. 

Centennial  Hills,  Albany  Co.,  Aug.  18,  1895,  no.  1749,  Aug.  20. 
1896,  no.  2711.;  Dome  Lake,  Sheridan  Co.,  July  16,  1896,  no.  2418; 
Sheep  Mt.,  Albany  Co.,  July  3,  1897,  no.  3310;  La  Plata  Mines,  Aug. 
28,  1898,  no.  5229. 

Oladonia  sylvatica  (L.)  Hoffm. 

Yellowstone  National  Park:  Norris,  July  25,  1898,  no.  6149; 
Artist's  Paint  Pots,  July  20.  no.  6167. 

Oladonia  verticillata  cervicomis  (Ach.)  Floerk.  ? 

Upper  Geyser  Basin,  Yellowstone  National  Park,  July  31.  1899, 
no.  6256. 

LECIDIACEAE. 

Lecidea  atrobmnnea  (IX  C.)  Schaer 

Ferris  Mt.,  Carbon  Co.,  Nov.  16,  1897.  nos.  4286,  4287,  W.  C. 
Knight;  Dunraven  Peak,  Yellowstone  National  Park,  Aug.  27.  1899, 
no.  6729. 

Lecidea  enteroleuca  Fr 

Bitter  Creek,  Sweetwater  Co.,  June  3,  1897,  no.  3112. 

Lecidea  speira 

Wamsutter,  Sweetwater  Co.,  June  4,  1897,  no.  3131  a. 

Umbilicaria  polyphylla  HotTm. 

Shoshone  Lake,  Yellowstone  National  Park,  Sept.,  1872 — Coulter. 

Umbillicaria  mgifera  Ny). 

Ferris  Mts.,  Nov.  16,  1897,  no.  4292,  W.  C.  Knight. 

Umbillicaria  vellea  (L.)  Nyl. 

Sundance  Mt.,  Crook  Co.,  July  3,  1896,  no.  2174:  Yellowstone 
National  Park;  Gibbon  Meadow,  July  28,  1899,  no.  6193,  Yellowstone 
Canon,  Aug.  24,  no.  6664. 

PHYSCIACEAE. 

Binodina  oreina  (Ach.)  Mass. 

On  rocks;  Laramie  Hills,  Albany  Co.,  Jan.,  1896,  no.  2832  In  part; 
Ferris  Mts.,  Carbon  Co.,  July  24,  1898,  no  4965. 

Binodina  turfacea  (Wahl.)  Koerb. 

Centennial  Hills,  Albany  Co.,  Aug.  17,  1895,  no.  1713. 

Placodinm  cladodes  Tuck. 

Teton  Mts.,  Uinta  Co. — Coulter. 
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Placodimn  elegans  (Link.)  DC. 

Dome  Lake,  Sheridan  Co.,  July  18,  1896,  no.  2451;  Sheep  Mt, 
Albany  Co.,  July  3,  1897,  no.  3347;  Ferris  Mts.,  Carbon  Co.,  Nov.  16, 
1897,  no.  4291. 

Placodimn  elegans  trachyphyllnm  Tuck. 

Laramie  Hills,  Albany  Co.,  Jan.,  1896,  no.  2835;  Evanston,  Uinta 
Co.,  May  29,  1897,  no.  2986. 

Placodium  fulgens  trachyphyllum  I  uck. 

Laramie  Hills,  Albany  Co.,  May  15,  1897,  no.  2866. 

Placodium  vitellinom  (Ehih.) 

On  rocks;  Laramie  Hills,  Albany  Co..  May  15,  1897,  no.  2874. 

PhySCia  hispida  (Schreh.)  Tuck 

Sheep  Mt.,  Albany  Co.,  July  3,  1897,  nos.  3349  b.,  3348;  Little  Lar- 
amie River,  July  4,  1897,  no.  3343. 

Physcia  stellaris  L 

On  rocks:  Wallow  Creek,  Albany  Co.,  May  22,  1897,  no.  2927; 
Telephone  Canon,  May  29,  1897,  no.  2934. 

Theloschistes  lychneus  (Ach  )  Tuck. 

On  dead  twigs  and  bark  of  trees:  Telephone  Canon,  Albany  Co.,. 
Apr.  28,  1897,  no.  2857,  May  29,  no.  2933;  Centennial  Valley,  July  3, 
1897,  no.  3345;  Evanston,  Uinta  Co.,  May  29,  1897,  no.  3018. 

Theloschistes  polycarpus  (klhrh.)  Tuck. 

On  dead  twigs  and  bark  of  trees:  Albany  Co.:  Laramie  Hills, 
Jan.,  1896,  no.  2834;  Willow  Creek,  May  22,  1897,  no.  2928;  Sheep 
Mt.,  July  3,  no.  3349  a:  Sweetwater  Co.;  Wamsutter,  June  4,  1897,  no. 
3131  b. 

PARMELIACEAE. 

UrCeolaria  seraposa  (L.)  Nyl. 

On  gravelly  soil;  Willow  Creek,  Albany  Co.,  May  22,  1897,  no. 
292. 

Lecanora  calcarea  contorta  Fr. 

On  loose  stones;  Medicine  Bow,  Carbon  Co.,  June  hf  1897,  no. 
3144. 

Lecanora  chlorophana  (Wahl.)  Ach. 

On  rocks,  very  common:  Sundance  Mt,  Crook  Co.,  July  7,  1896, 
no.  2238;  Laramie  Hills,  Albany  Co.,  Jan.,  1896,  no.  2832  in  part;  Fer- 
ris Mts.,  Carbon  Co.,  Nov.  16,  1897,  no.  4288.  W.  C.  Knight;  Speci- 
men Ridge,  Yellowstone  National  Park,  July  15,  1899,  no.  5894. 
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Lecanora  coarctata  (Sm.)  Ach. 

*'Oii  rocke,  Yellowstone  Park" — Robert  Reuleux. 

Lecanora  fascata  (Schrad.)  Th.  Fr. 

On  rocks;  Ferris  Mts.,  Carbon  Co.,  Nov.  16,  no.  4285  in  part,  W. 
C.  Knight. 

Lecanora  Hageni  Ach. 

On  dead  stems  of*  shrub;  Wamsutter,  Sweetwater  Co.,  Jun^  4, 
1897,  no.  3131  a. 

Lecanora  Haydeni  Tuck. 

Loose  on  the  ground  in  Laramie  Hills,  Albany  Co.,  May  10,  1898, 
no.  4306. 

Lecanora  hsrpoptoides  Nyl. 

"On  dead  wood,  Yellowstone  Park" — Robert  Reuleux. 

Lecanora  mnralis  (Schreb.)  Schaer. 

On  rocks;  Ferris  Mts.,  Carbon  Co.,  Nov.  16,  1897,  no.  4285  in  part 
(W.  C.  Knight),  July  24,  1898,  no.  4964. 

Lecanora  polytropa  ilinsoria  Ach. 

*'0n  rocks,  Yellowstone  Park** — Robert  Reuleux. 

Lecanora  mbina  (Vill.)  Ach. 

On  rocks:  Willow  Creek,  Albany  Co.,  May  22,  18^,  no.  2926;  J. 
Johnson's  Ranch,  Aug.  7,  no.  3472. 

Lecanora  mbina  opaca  Ach. 

On  rocks:  Bitter  Creek,  Sweetwater  Co.,  June  3,  1897,  no.  3111; 
Sheep  Mt.,  Albany  Co.,  July  3,  1897,  no.  3111;  Dunraven  Peak,  Yel- 
lowstone National  Park,  Aug.  27,  1899,  no.  6728. 

Lecanora  Schleicher!  (Ach.)  Nyl. 

On  gravelly  ground;  Willow  Creek,  Albany  Co.,  May  22,  1897, 
no.  2920. 

Lecanora  xanthophana  dealbatn  Tuck. 

On  rocks:  Sweetwater  Co.:  Green  River,  May  30,  1897,  no.  8037; 
Bitter  Creek,  June  3,  no.  3110;  Wamsutter,  June  4,  no.  3125:  Speci- 
men Ridge,  Yellowstone  National  Park,  July  15,  1899,  no.  5893. 

Parmelia  conspersa  (Ehrh.)  Nyl. 

Very  common  and  widely  distributed,  on  roc^:    Pole  Creek,  Al- 
bany Co.,  July  1,  1895,  no.  1387;  Sundance  Mt.,  Crook  Co.,  July  7, 
1896,  no.  2237;  Ferris  Mts.,  Carbon  Co.,  Nov.  16,  1898,  no.  4290;  (W.* 
C.  Knight),  July  24.  1898,  no.  4963;  La  Plata  Mines  Aug.  30,  1898,  no. 
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5267;  Gibbon  Meadow,  Yellowstone  National  Park,  July  28,  1899,  no. 
6192. 

Parmelia  mollinscula  Ach. 

Loose  on  the  ground,  very  common  on  the  plains;  Laramie,  Al- 
bany Co..  July  23,  1895,  na  1429;  Red  Desert,  Sweetwater  Co.,  June 
3,  1897,  no.  3124. 

Parmelia  olivacea  aspidota  Ach. 

On  twigs  and  stems:  Albany  Co.;  Willow  Creek,  May  22,  1897, 
no.  2932,  Sheep  Mt.,  July  3,  no.  3308,  Centennial  Valley,  July  3,  no. 
3346. 

Parmelia  sarediata  (Ach  )  Nyl. 

On  rocks;  Willow  Creek,  All)any  Co.,  May  22,  1897,  no.  2929. 

Parmelia  sazatilis  sulcata  (Tayl.)  N)). 

Sundance  Mt,  Crook  Co.,  July  3,  1896,  no.  2161. 

Parmelia  tiliacea  (Hoffm.)  Floerk. 

On  rocks;  Sundance  Mt.,  Crook  Co.,  July  3,  1896,  no.  2179. 

Cetraria  Islandica  Ach. 

On  moist  ground  under  stunted  spruce,  at  10,000  ft,  alt.;  La  Plata 
Mines,  Albany  Co.,  Aug.  29,  1898,  no.  5249. 

Cetraria  Juniperina  Pinastri  Ach. 

Sundance  Mt.,  Crook  Co.,  July  3,  1896,  no.  2184. 

Cetraria  nivalis  (L.)  Ach. 

La  Plata  Mines,  Albany  Co.,  Aug.  28,  1898,  no.  5227. 

Everina  vnlpina  (L.)  Ach. 

Centennial  Valley,  Albany  Co.,  Aug.  17,  1895,  no.  1699:  Yellow- 
stone Park;  Undine  Falls,  July  6,  1899,  no.  5689,  Dunraven  Peak, 
Aug.  27,  no.  6701. 

Alectoria  jnbata  Fr. 

Shoshone  Lake,  Yellowstone  National  Park,  Sept.,  1872 — Coulter. 

TJsnea  barbata  hirta  Fr. 

Sundance  Mt,  Crook  Ca,  July  3,  1896,  no.  2162. 

VERRUCARIACBAE. 

Endocarpnm  miniatnm  (L.)  Schaer 

Laramie  Hills,  Albany  Co.,  May  15,  1897,  no.  2870. 

PANNARIACBAE. 

Panaaria  bnuuiAa  (Sw.)  Mass. 

On  wet  ground;  Centennial  Hills,  Albany  Co.,  Aug.  20,  1896,  no. 
2698. 
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Pannaiia  Hypnanun  (HofTm.) 

On  wet  ground;  La  Plata  Mines,  Albany  Co.,  Aug.  25.  1S98,  no. 
5179. 

Peltigera  aphthosa  (L.)  Hoffm. 

On  moist  ground  in  woods,  very  common:  Albany  Co.;  Centen- 
nial Valley,  Aug.  18,  1895,  no.  1749,  Laramie  Peak,  Aug.  8,  1895.  no. 
1644,  Centennial  Hills,  Aug.  20.  1896  no.  2709:  Tower  Falls.  Yellow- 
stone National  Park.  July  16,  1899,  no.  5907. 

Peltigera  canina  (L.)  Hoffm. 

On  moist  ground:  Cummins,  Albany  Co..  July  29,  1895,  no.  1508; 
Dome  Lake,  Sheridan  Co.,  July  16,  1896,  no.  2419. 

Peltigera  mfescens  (Neck.)  Hoffm. 

Druid  Peak,  Yellowstone  National  Park,  July  12,  1899.  no.  5798. 

HYSTERIACEAE. 

Hysterinm  Pinastri  Fr. 

"On  pine  leaves;"  "near  Yellowstone  Lake,  August  23.*"  1872 — 
Coulter. 

FHAC'lUl.\L.l!:S. 

PHACIDIACEAE. 

Bhytisma  salicinum  (Pers.)  Fr. 

On  Salix  sp.;  Sand  Creek,  Carbon  Co.,  July  26,  1898.  no.  4983. 
On  Salix  arctica  petraea;  La  Plata  Mines,  Albany  Co.,  Aug.  28,  1898. 
no.  5219. 

ft'£,lXAL.t:H, 

MOLLISIACEAE. 

Pseudopeziza  Medicaginis  (i  ib  )  s-.m-c 

On  Medicago  sativa;  Laramie  Experiment  Farm,  Albany  Co.. 
bept.  14,  1898,  no.  5344. 

CENANGIACEAE. 

Cenangella  deformata  Pk. 

On  tne  bark  of  Juniperus  scopulorum;  Laramie  Hills,  Albany 
Co.,  March  6,  1898,  no.  4300. 

UtCL.Vli:L.L.AL.lfiS. 

« 

HELVELLACEAE. 

Morchella  conica  Pers. 

In  moist  ground;  Laramie  Albany  Co.,  May  31,  1897,  no.  2944. 
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CI«ASS— FUNGI  IMPERFECTl. 
SPHAlCKOPSIDALilflS. 

« 

SPHAEROPSIDACEAE. 

Phyllosticta  ferax  £.  &  E. 

On  LupinuB  humicola;  Willow  Creek,  Albany  Co.,  July  1,  1898, 
no.  4380. 

Ampelomyces  qaisqnalis  Ces. 

Reported  by  David  Griffiths  from  northeastern  Wyoming;  para- 
sitic on  species  in  several  genera  of  Erysibaceae  and  on  Oidium  spp. 
of  the  Moniliaceae. 

Septoria  Urticae  Desm. 

On  Lrtica  sp.;  Little  Laramie  River,  Albany  Co.,  July  4,  1897, 
no.  3342. 

LEPTOSTROMATACBAB. 

Piggotia  Negnndinis  E.  &  E. 

On  Acer  Negundo;  Sundance  Creek,  Crook  Co.,  July  6,  1896,  no. 
2827. 

IllONlL.IALil!:S. 

MONILIACEAE. 

Bamularia  Sidalceae  E.  &  E. 

On  Sidalcea  Candida;  Cummins,  Albany  Co.,  July  29,  1895,  no. 
1.68:  collectea  but  once  before,  viz;  in  British  Columbia,  by  Dr.  Ma- 
coun. 

DEMATIACEAE. 

Hadrotrichnm  Lnpini  E.  &  E. 

On  Lupinus  humicola;  willow  Creek,  Albany  Co.,  July  1,  1898, 
no.  4380  a. 

Cladosporinm  myriosporum  E.  &  D. 

On  the  pods  of  Pisum  sativuns,  grown  on  the  Laramie  Experi- 
ment Farm,  Albany  Co.,  Aug.  20,  1896. 


t  »TIL.A4iilM  ALil^S. 

T^STILAGINACEAE. 

Ustilago  bromivora  Fisch 

On  Bromus  spp.:  battle  Lake,  Carbon  Co.,  Aug.  16, 1897,  no.  4179; 
Nez  Perces  Creek,  Yellowstone  National  Park,  July  29,  1899,  no.  6218; 
Yellowstone  Lake,  Aug.  23,  no.  6621. 
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UBtilAgo  Oaricis  DC. 

On  Carex  spp.:  Lincoln  Gulch,  Albany  Co.,  Aug:  12,  1S96,  no. 
2604;  Centennial  Hills,  Albany  Co.,  Aug.  20,  1896,  no.  26S7;  Battle 
Lake,  Carbon  Co.,  Aug.  16,  1897,  no.  4178;  Snake  River,  Yellowstone 
National  Park,  Aug.  12,  1899,  no.  6432. 

1'KIDINAL.KS. 

MELAMPSORACEAE. 

CliryBomyxa  Ledi  (A.  &  S.) 

On  Dedum  glanduioeum;  Sylvan  Geysers,  Yellowstone  National 
Park,  July  26,  1899,  no.  6176. 

Chrysomyxa  Pyrolae  (HC.)  Rostr. 

On  Pyrola  secunda;  La  Plata  Mines,  Albany  Co.,  Aug.  24,  1898, 
no.  5107. 

Oronartinm  asclepiadeom  Thesii  Berk. 
On  Comandra  pallida;  Medicine  Bow  River,  Carbon  Co.,  Aug.  20, 

1897,  no.  4257. 

Melampsora  farinosa  (Pers )  Schmet. 

Very  common  on  Salix  spp.:  Cummins,  Albany  Co.,  July  29.  1895. 
no.  1520;  Centennial  Valley,  Aug.  25,  1895,  no.  1864. 

Melampsorella  Oerastii  (Pers.)  Srhrtr. 

On  Cerastium  arvense;  Green  Top,  Albany  Co.,  June  29.  1S97,  no. 
3230:  en  Alsine  Baicalensis;  La  Plata  Mines,  Albany  Co.,  Aug.   24, 

1898,  no.  5102. 

Peridermimn  elatinum  A.  &  S. 

On  Picea  Engelmanni;  Battle  Lake.  Carbon  Co.,  Aug.  18.  1897, 
no.  4244. 

PT'CCTNIACEAE. 

Uromyces  bicolor  F.  &  K. 

On  Allium  sp.;   Yancey's.  Yellowstone  National  Park,  July  17, 

1899,  no.  5920. 

Uromyces  Eriogoni  FJl  &  Hnrk. 

On  Eriogonum  unbellatum;  Ferris  Mts.,  Carbon  Co.,  July  23, 
18^8,  no.  4952:  on  Eriogonum  brevicaule;  Wallace  Creek,  Natrona 
Co.,  July  30,  1898,  no.  5003. 

Uromyces  Erythronii  DC. 

On  Erythronium  grandiflorum;  Obsidian  Creek.  Yellowstone 
National  Park,  July  24,  1899,  no  6114. 
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Uromyces  Glycyrrhizae  Magnns 

Fremont  and  often  abundant  on  Glycyrrhiza  lepidota:  Pass 
Creek,  Sheridan  Co.,  July  21, 1896,  no.  2474;  Granger,  Sweetwater  Co., 
July  30.  1897,  no.  4136;  Gardiner  River,  Yellowstone  National  Park, 
July  19,  1899,  no.  5971. 

Uromyces  Fabae  (Pers.)  De  By. 

On  Vicia  sp.;  Bitter  Creek,  Sweetwater  Co.,  July  1897,  no.  3527. 

Uromyces  Jnnci  (Schw.)  Tul. 

On  Junci  (Schw.)  Laramie,  Albany  Co.,  Dec.,  1895,  no.  1207. 

Uromyces  oblongispoms  E.  &  £■ 

On  Artemisia  tridentata;  South  Butte,  Sweetwater  Co.,  July  13, 
1897,  no.  3546. 

Uromyces  Pisi  (Pers  )  De  By. 

On  Vicia  sp.;  Evanston,  Uinta  6o.,  July  27,  1897,  no.  4106. 

Uromyces  Polygoni  (Pers.)  Fckl. 

On  Rumex  pauciflorus;  Snake  River,  Yellowstone  National  Park, 
Aug.  13,  1899,  no.  6438. 

Uromyces  Bndbeckiae  Arthur  &  Holway. 

•      On  Rudbeckia  laciniata;  Pass  Creek,  Sheridan  Co.,  July  21,  1896, 
no.  2476. 

Uromyces  Solidagonis  Sommerf. 

On  Solidago  Canadensis  ( ?) ;  Sundance,  Crook  Co.,  July  4,  1896, 
no.  2192. 

Uromyces  Sophorae  Pk. 

On  Sophora  sericea;  Mill  Creek,  Converse  Co.,  Aug.  12,  1898,  no. 
5051. 

Uromyces  Zygadeni  Pk. 

On  Zygadenus  venenosus;  Willow  Creek,  Albany  Co.,  May  22, 
1897,  no.  2924. 

Pnccinia  Adoxae  (Hedeo). 

On  Adoxa  Moschateliina;  Yancey's,  Yellowstone  National  Park, 
July  17,  1899,  no.  5929. 

Pnccinia  annnlata  E.  &  £. 

On  Chamaenerion  angustifolium;  Yancey's  Yellowstone  Nation- 
al Park,  july  17,  1899.  no.  5930. 

Pnccinia  Asteris  Dnhy 

On  Aster  conspicuus;  Wolf  Creek,  Canon,  Sheridan  Co^  July  12, 
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1896,  no.  2293:    on  Aster  sp.;  Madison  Canon,  Yellowstone  Nation- 
al Park,  Aug.  30, 1899,  no.  6780. 

Puccinia  Balsamorrliizae  Pk. 

On  Balsamorrhlza  sagittata ;  Indian  Grove  Mts.,  Carbon  Co.,  July 
17,  1898,  no.  4900. 

Puccinia  cladophila  Pk. 

On  Ptiloria  pauclflora:  Garfield  Peak,  Natrona  Co.,  July  29, 1894. 
no.  2830;  July  31,  1898,  no.  5012. 

Puccinia  conferta  Dietel. 

t)n  Artemisia  tndentata;  Sheep  Mt.,  Albany  Co.,  July  3,  1897,  no. 
3309  a;  Seminole  Mts.,  Carbon  Co.,  July  22,  1898,  no.  4945;  LAramie 
Hills,  Sept.  13,  1899,  no.  6906.  on  Artemisia  cana;  Poison  Spider 
Creek,  Aug.  1,  1898,  no.  5021. 

Puccinia  consimilis  £.  &  £. 

On  Schoenocrambe  linifolia:  Granger,  Sweetwater  Co.,  June  10, 
1898,  no.  4621;  Cokeville,  Uinta  Co.,  June  11,  1898,  no.  4661. 

Puccinia  Oaricis  (Schum.)  Reb. 

On  Carex  fllifolia;  Pine  Bluffs,  Laramie  Co.,  May  15,  1897.  no. 
2896. 

Puccinia  cornigera  E.  &  E. 

On  Tetraneurls  Torreyana;  Freezeout-  Hills,  Carbon  Co.,  July 
10,  1898.  no.  4852. 

Puccinia  Epilobii  DC. 

On  Epilobuim  paniculatum:  Yellowstone  National  Park;  Nez 
Perces  Creek,  July  29,  1899,  no.  6223;  Snake  River,  Aug.  12,  no.  6431. 

Puccinia  Erigerontis  E.  &  E 

On  Erigeron  caespitosus;  Crow  Creek,  Laramie  Co.,  July  9,  1896. 
no.  2847;  Ferris  Mts.,  Carbon  Co.,  July  23,  1898,  no.  4954:  on  Erigeron 
microlonchus;  Willow  Creek,  Albany  Co.,  July  1,  1898.  no.  4379:  en 
Erigeron  Eatoni;  Freezeout  Hills,  Carbon  Co.,  July  10,  1898.  no.  449o. 

Puccinia  Gayophyti  Pk. 

On  Gayophytum  ramosissimum :  J.  M.  Bates,  Camb*  ia.  Converse 
Co.,  June  18,  1896,  no.  443;  Centennial  Valley,  July  3,  189/.  no.  o2S5: 
Seminole  Mts.,  Carbon  Co.,  July  22,  1898,  no.  4935. 

Puccinia  gibberulosa  Schitr  ? 

On  Cyrtorhyncha  ranunculina;  Laramie  Hills,  Albany  Co..  June 
6.  1896,  no.  1906. 
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Paccinia  graminiB  Pers. 

On  Poa  laevigata;  Wamsutter,  Sweetwater  Co.,  July  10,  1897, 
no.  3668  a:  on  Festuca  Kingli;  Wallace  Creek,  Natrona  Co.,  July  30, 

1898,  no  5004. 

Paccinia  Harknessii  Vize. 

On  Ptiloria  sp.;  Fort  Steele,  Carbon  Co.,  June  18,  1898,  no.  4827. 

Pnccinia  Helianthi  Schw. 

On  HelianthuB  sp.;  Cambria  Canon,  Converse  Co.,  July  29,  1896, 
no.  2542. 

Pnccinia  Hencherae  Sz. 

On  Heuchera  parviflora;   Laramie  Hills,  Albany  Co.,  June  16, 
1897,  DO.  3155. 

Pnccinia  Hieracii  (Schum.)  Mart. 

On  Crepis  intermedia  (?);  Seminole  Mts.,  Carbon  Co.»  July 
22  1898  no.  4940. 

Paccinia  intermixta  Pk, 

Rare;  on  Iva  axillaris:  Bitter  Creek,  Sweetwater  Co.,  July  12, 
1897,  no.  3526;  Casper,  Natrona  Co.,  Aug.  2,  1898,  no.  5022. 

Paccinia  Lygodesmiae  Pk. 

On  Gymnolomia  miltiflora;  Centennial  Hills,  Albany  Co.,  Aug. 
20,  1896,  no.  2715. 

Paccinia  Menthae  Pers. 

On  Mentha  Canadensis;   Laramie  River,  Albany  Co.,  Sept  25, 
1897,  no.  4302. 

Pnccinia  mirabillissima  Pk. 

On  Berberis  nana:  Laramie  Hills,  Albany  Co.,  May  21,  1898,  no. 
4309;   Mommoth  Hot  Springs,  Yellowstone  National  Park,  July  1, 

1899,  no.  5625. 


Pnccinia  Mnsenii  E.  &  £. 

On  Musenium  tenuifolium;  Freezeout  Hills,  Carbon  Co.,  July  10, 
1899,  na  4491. 

Pnccinia  Phragmitis  Schum. 

On  Spartina  gracilis;  Laramie  River,  Albany  Co.,  Aug.  31,  1897, 
no.  4268. 

Pnccinia  mbigo-Tera  (DC.)  E.  &  E. 

On  Elymus  sp.;  Iron  Mt.,  Laramie  Co.,  Aug.  26,  1896,  no.  2732. 
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Puecinia  Baxifiragae  Schlect. 

On  Saxifraira  cernua;  La  Plata  Mines,  Albany  Co.»  Aug.  24,  1898, 
ao.  5124. 

Puecinia  Tanaceti  DC. 

On  Artemisia  cana;  W.  C.  Knight,  Steamboat  Lake,  Albany  Go., 
Oct  28,  1896,  no.  2825:  on  Artemisia  tridentata;  Laramie  Hills,  Sept 
14,  1M8,  no.  4343. 

Pnocinia  Tbalictri  Chev. 

On  Thalictrum  sp.;  Sundance  Creek,  Crook  Co.,  July  2,  1896,  na 
2106:  on  Thalictrum  sp.;  Lewis  River,  Yellowstone  National  Park, 
Aug.  9,  1899,  na  6389. 

Pttecinia  Tariabilis  Ore  v. 

On  Taraxacum  sp.;  Centennial  Valley,  Albany  Co.,  Aug.  17,  1896, 
no.  2660. 

Pnccinia  Violae  (Sebum.)  DC. 

On  Viola  sp.;  Pass  Creek,  Sheridan  Co.,  July  21,  1896,  no.  2489: 
Battle  Lake,  Carbon  Co.,  Aug.  16,  1897,  no.  4192. 

Oymnosporanginm  clavipes  C.  &  P. 

On  Junlperus  scopulorum;  Laramie  Hills,  Albany  Co.,  May  10, 
1896,  no.  1886. 

Phragmidiom  fragariastri  DC. 

On  Potentilla  sp.;  Freezeout  Hills,  Carbon  Co.,  July  10,  1898,  na 
4861. 

Phragmidium  sabcortium  Schrank. 

Frequent  on  species  of  Rosa:  Cummins,  Albany  Co.,  July  29. 
1896,  no.  1499;  Sundance,  Crook  Co.,  July  2,  1896,  no.  2100;  Sundance 
Mt,  July  3,  no.  2163;  Yancey's,  Yellowstone  National  Park,  July  17, 
1899,  no.  5946. 

Aecidinm  abondans  Pk. 

Very  common  on  Symphoricarpos  oreophilus;  Cummins,  Albany 
Co.,  July  29,  1895,  no.  1498. 

Aecidinm  Allenii  Clinton. 

On  Lepargyraea  Canadensis:  Yellowstone  National  Park;  Speci- 
men Ridge.  July  15,  1899,  no.  5884,  Snake  River,  Aug.  12,  no.  6430. 

Aecidinm  Aquilegiae  Pers. 

On  Aquilegia  caerulea  (?):  Laramie  Peak,  Albany  Co.,  Aug.  7, 
1895,  no.  2831;   North  Vermillion  Creek,  Sweetwater  Co.,  "July   17, 
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1897,  no.  3558;  Lewis  River,  Yellowstone  National  Park,  Aug.  9.  1899, 
no.  6390. 

Aecidinm  Astemm  Schw. 

On  aster  sp  (?);  Sundance  Mt.,  Crook  Ck).,  July  3,  1896,  no.  2176. 

Aecidinm  Olematidis  DC. 

On  Clematis  ligusticifolia:    Wolf  Creek,  Sheridan  Co.,  July  12, 
1896,  no.  2310;  Hat  Six  Falls,  Natrona  Co.,  Aug.  7,  1898,  no.  5033. 

Aecidinm  Oompositamm  Mart. 

On  Helianethus  sp.;  Centennial  Valley,  Albkny  Co.,  July  3,  1897, 
no.  3289:  on  Aster  sp  (?);  North  Vermillion  Creek,  Sweetwater  Co., 
July  17,  1897,  no.  3572:  on  Aster  sp.;  Yancey's,  Yellowstone  National 
Park,  July  17,  1899,  no.  5921:  on  Agoseris  sp.;  Snake  River,  Aug.  13, 
no.  6453. 

Aecidinm  Enphorbiae  Pers. 

On  Euphorbia  sp.;  Uva,  Laramie  Co.,  Aug.  26,  1896.  no.  2744:  on 
Euphorbia  montana;  Ferris  Mts.,  Carbon  Co.,  July  24,  1898,  no.  4958. 

Aecidinm  Enrotiae  E.  &  E. 

On  Eurotia  lanata;  Laramie,  Albany  Co.,  June  15,  1897,  no.  3149. 

Aecidinm  Glancis  Dozy  &  Molkenb. 

On  Glaux  marltima;  Laramie,  Albany  Co.,  June  15,  1897,  no.  3150. 

Aecidinm  Grossnlariae  (Schum  )  E.  &  E 

On  Ribes  sp.:  Moorcroft,  Crook  Co.,  July  8,  1896,  no.  2244. 

Aecidinm  Hpdrophylli  Pk. 

On  Hydrophyllum  occidentale;  Green  Top,  Albany  Co.,  June  29, 
1897.  no.  3231:  on  riydrophyllum  capitatum;  Mammoth  Hot  Springs, 
Yellowstone  National  Park,  June  30,  1899,  no.  5599. 

Aecidinm  Lysimachiae  Schlect. 

On  Steironema  ciliata;  Ranchester,  Sheridan  Co.,  July  13,  1896, 
no.  2286. 

Aecidinm  monoicnm  Pk. 

Frequent  on  Schoenocrambe  Ilnifolia;  Laramie  Hills,  Albany  Co., 
May  23,  1894,  no.  50. 

Aecidinm  Oenotherae  Mont. 

On  Pachylophus  caespitoeus;  Pole  Creek,  Laramie  Co.,  no.  133: 
on  Pachylophus  montanus;  Laramie.  Albany  Co.,  May  31,  1899,  no. 
6831;  on  Taraxia  heterantha;  Golden  Gate  Yellowstone  National 
Park,  June  28,  1899,  no.  5534. 
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Aecidinm  Orobi  Pers. 

On  Lathy rus  ochrolucus;  Sundance  Creek,  Crook  Co.,  July  2, 1896, 
no.  2110. 

Aecidinm  Peckii  De  Toni. 

On  Anogra  biennis;  Madison  Canon,  Tellowstone  National  Park, 
Aug.  29,  1899,  no.  6756. 

Aecidinm  Phlogis  £.  &  £. 

On  Phlox  Hoodii  glabrata;  Pine  Ridge,  Albany  Co.,  June  7,  1898. 
no.  4341. 

Aecidinm  Plantaginis  Ces. 

On  Plantago  eriopoda;   Laramie,  Albany  Co.,  June  9,  1897,  no. 
2947. 

Aecidinm  poroBum  £.  &  E. 

On  Vicia  sp.;  Bitter  Creek,  Sweetwater  Co.,  June  17,  1898,  no. 
4785. 

Aecidinm  pyratnm  Sch. 

"Headwater  of  Snake  River,"  Yellowstone  National  Park,  Sept. 
11,  1872— Coulter. 

Aecidinm  Eannncnlacearam  DC. 

On  Oxygraphis  Cymbalarla;  Laramie,  Albany  Co.,  June  18,  1896, 
no.  1972. 

Aecidinm  Sarcobati  Pk. 

On  Sarcobatus  vermiculatus;  Little  Laramie  RNer,  Albany  Co., 
June  25,  1897,  na  3210. 

Aecidinm  Sommerfeldtii  Johans. 

On  Thalictrum  sp.:   Sheridan,  Sheridan  Co.,  July  10,  1896,  na 
2270;  Heao  of  Pole  Creek,  Albany  Co.,  June  19,  1897,  no.  3193. 

Aecidinm  tuberculatum  £  &  K. 

Very  abundant  on  Sidalcea  malvaeflora  on  Miller's  Ranch  in  the 
Seminole  Mts.,  Carbon  Co.,  July  23,  1898,  no.  4946. 

Boestelia  anrantiaca  Pk.  ? 

On  Amelanchier  alnifolia;  Indian  Orove  Mta.,  Carbon  Co..  July 
17,  1898,  no.  4887. 

Uredo  Poljrpodii  (Pcrs.)  DC. 

On  Cystoperis  fragili«;   La  Plata  Mines,  Albany  Co.,  Aug.  27, 
1898,  no.  5196. 

Uredo  ribicola  E.  &  E. 

On  Ribes  sp.;  Laramie,  Albany  Co.,  Sept  8,  1898,  no.  5805. 
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BXOBAfllDIAliBS. 

EXOBASIDIACBAB. 

Exobasidinm  Vaccinii  (Fckl.)  Wor. 

On  Vaccinium  caespitoeum;  Little  Goose  Creek  HiHs,  Sheridan 
Co.,  July  16, 1896,  no.  2367;  on  Vaccinium  membranaceum,  Teton  Mts., 
Uinta  Co.,  Aug.  16,  1899. 

AUARICALBfl. 

THBLEPHORACEAB. 

Thelephora  terrestris  Fr. 

•'Along  the  Yellowstone/'  1872— Coulter. 

CL.AVARIACBAB. 

Olavaria  formosa  Pers. 

Jackson's  Lake,  Uinta  Co.,  Sept.,  1872.— Coulter. 

OlaTaria  sp. 

Battle  I^ke.  Aug.  15,  1897,  no.  4199. 

This  genus  is  abundant,  represented  in  the  coniferous  woods 
by  at  least  one*  excellent  edible  species. 

HTDNACBAB. 

Hydnnm  imbricatum  L. 

In  moist  woods;  Battle  Lake,  Carbon  Co.,  Aug.  16,  1897.  no.  4197. 

POLTPORACBAE. 

Mernlins  lachrymans  (Jacq.)  Fr. 

In  damp  cellar;  Cheyenne,  Laramie  Co.,  S^pt.  15,  1895,  no.  1878. 

Trametes  sp. 

Little  Goose  Creek  Hills,  Sheridan  Co.,  July  16,  1896,  no.  2368. 

Polyphoms  caniabarinns  (Jacq.)  Fr. 

Medicine  Bow  Mts.,  Albany  Co.,  Aug.  12,  1896,  no.  2841. 

Polyporus  lencospongia  Cooke. 

Sundance  Mt.,  Crook  Co.,  July  7,  1896,  no.  2236. 

Polsrpoms  officinalis  (Vill.)  Fr. 

Growing  on  the  under  side  of  moist  logs  of  Pseudotsuga  Doug- 

« 

lasii;  B.  C.  Buffum,  Telephone  Canon,  Albany  Co.,  1892,  no.  2841; 
also,  secured  in  the  same  locality  in  1897  by  Aven  Nelson. 

BOLBTACBAB. 

Boletns  spp. 

Battle  Lake,  Aug.  16,  1897,  no.  4199. 

This  genus  is  abundantly  represented  in  forests  mountain  areas. 
Manv  no  doubt  edible. 
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AOARICACEAE. 

Agaricos  cAinpester  L. 

In  waste  grounds  and  well  manured  lots.  Common  and  abund- 
ant.   Frequently  collected  fdr  food. 

Agariciis  silTaticns  Schaeflf. 

Less  c<»nmon  than  the  preceding.  In  open  woods,  especially 
where  cattle  have  wintered. 

An  excellent  edible  species.    Baocm  Ranch,  June,  1897. 

Ooprinos  atramentarios  (Bull.)  Fr. 

Moist  ground  along  an  irrigating  ditch;  Laramie,  Albany  Co., 
Sept  7,  1897,  no.  4280. 

LYCOPBRDALBS. 

LTCOPBRDACEAB.  ^ 

Tylostoma  flmbriatnm  Fr. 

On  river  bottoms;  Laramie,  Albany  Co.,  Sept.,  1896,  no.  2826. 

Lycoperdon  gemmatom  Batsch. 

On  rotten  logs;  Pole  Creek,  Albany  Co.»  May  30,  1896,  no.  2199. 

Lycoperdon  pyriforme  SchaefT. 

Battle  Lake,  Carbon  Co.,  Aug.  17,  1897,  na  4238  (?);  "near  Yel- 
lowstone Lake,  Aug.  28,"  1872. — Coulter. 

NOTB.— THE  FERNS  and  FERN-ALLIES  have  not  been  in- 
cluded in  this  list,  since  there  are  in  the  state  only  a  relativ^y  small 
number  and  these  were  published  with  notes  upon  them,  by  Mr.  Ellas 
Nelson,  in  the  January  number  (1899)  oif  the  Fern  Bulletin.  Those 
desiring  to  know  what  species  occur  here  are  referred  to  that  pub- 
lication. 


METEOROLOGICAL  REPORT 


.  .  .  FOR  THE  YEAR  .  .  . 


Beginning  January  1  and  Ending  December  3h  1899. 


BY  C.  B.  RIDGAWAY. 


Meteorological  Report  for  1899. 


The  work  of  the  meteorological  department  has  been  a 
continuation  of  that  of  previous  years.  Observations  upon 
atmospheric  conditions  and  soil  temperature  at  various 
depths  have^been  taken  twice  daily,  at  7  a.  m.  and  7  p.  m. 

The  observations  have  been  reported  monthly  to  the 
Tjnited  States  Weather  Bureau  at  Washington,  and  to  the 
Wyoming  Section  at  Cheyenne.  Weekly  climate  and  crop 
reports  have  also  been  sent  to  the  Cheyenne  oflBce. 

The  latitude  of  the  Station  is  41°  18'  37.09"  North,  and 
the  longitude  105°  34'  53.75''  West  from  Greenwich.  The 
altitude  of  the  standard  barometer  is  7,191  feet. 

The  equipment  of  the  Station  for  meteor oh^gical  ob 
servations  consists  of  the  following:  A  quadruple  register, 
with  two  automatic  pens  for  registering  the  velocity  and  di- 
rection of  the  wind;  a  Draper's  self-recording  thermome- 
ter; a  standard  mercurial  barometer;  one  Richard's  self- 
registering  aneroid  barometer;  a  sling  psychrometer;  six 
soil  thermometers  at  different  depths  in  the  ground;  a 
maximum  and  a  minimum  self-registering  thermometer;  a 
hook-gauge  and  evaporation  tank;  a  standard  eight  in<»h 
rain  gauge;  a  maximum  and  a  minimum  self -registering 
solar  radiation  thermometer. 


Summary. 


Highest  temperature,  87,  June  29,  July  25. 

Lowest  temperature,  — 40,  February  12. 

Mean  temperature  for  year,  IISK 

Greatest  daily  range  of  temperature,  08,  February  12. 

Lowest  daily  range,  5,  October  9. 

Mean  daily  range  of  temperature  for  year,  24.4. 

Mean  relative  humidity  for  the  vear,  57.1. 

Lowest  relative  humidity,  6,  September  7. 

Highest  dew  point,  00,  September  5. 

Lowest  dew  point,  — 38,  February  0. 

Mean  dew  point  for  the  year,  23.9. 

Highest  barometer,  23.502,  Sejjftember  25. 

Lowest  barometer,  22.442,  January  31. 

Mean  barometer  for  the  vear,  23.079. 

Highest  monthly  precipitation,  2.01  inches,  in  July. 

Lowest  monthly  precipitation,  .07,  in  November. 

Greatest  amount  of  precipitation  during  any  single 
storm,  .91  in.,  July  13. 

Total  precipitation:  1891,  13.92  in.;  1892,  12.73  in.; 
1893,  3.84  in.;  1894,  7.03  in.;  1895,  11.15  in.;  1890,  10.75  m.; 
1897,  11.91  in.;  1898,  7.03  in.;  1899,  11.84  in. 

Mean  precipitation  for  nine  years,  10.15  in. 

Evaporation,  20.58  inch(*s,  from  April  22  to  October  15. 

Greatest  monthly  evaj)oration,  4.42,  in  May. 

Mean  soil  temperatures:  3  in.,  43.2;  0  in.,  42.7;  12  in., 
44.1;  24  in.,  43.7;  30  in.,  44.1;  72  in.,  43.2. 

Prevailing  direction  of  the  wind,  southwest. 
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Number  of  clear  days  during  year,  178. 

Numbei*  of  partly  cloudy  days  during  year,  142. 

Number  of  cloudy  days  during  year,  45. 

Number  of  days  on  which  .01  or  more  precipitation 
fell,  75. 

Greatest  velocity  of  wind,  58  miles  per  hour,  May  21. 

Total  number  of  miles  traveled  by  wind  during  the 
year,  117,284. 

Greatest  number  of  miles  traveled  in  one  month,  12,787, 
January. 

Least  number  of  miles  traveled  in  one  month,  7,245, 
November. 

Average  number  of  miles  for  each  month,  9.773.6. 

Greatest  number  of  miles  in  one  day,  744,  May  21. 

Least  number  of  miles  in  a  day,  97,  December  13. 

Mean  dailv  distance  traveled,  321.3. 

Mean  hourly  distance  traveled,  13.3. 
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Table  III. —  H^eekiy  Meajis  of  Soil  Temperatures. 
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anuary  20. 

anuary  27. 
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February  10 
February  17 
February  ^ 
March  3  . 
March  10. 
March  17. 
March  24. 
March  31. 
April  7.  . 
April  14  . 
April  21  . 
Aoril  2S  . 
May  5  .  . 
May  12  . 
May  19  . 
May  26  . 
June  2.   . 
June  9.   . 
June  16  . 
June  23  . 
June  aO  . 
July  7.    . 

ulv  14.  . 

uly21.  . 

uly28.  . 
August  4  . 
August  U 
August  18 
August  25 
September  1  . 
September  8  . 
September  15. 
September  22. 
September  29, 
October  6.  .    . 
October  13  .    . 
October  20.   . 
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December  22  . 
December  29 . 


J 


Sums. 


Means. 


i; 


Air 
Temp. 


17.4 
58.6 
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20.0 
12.8 
1.9 
12.8 
17.9 
17.0 
26.0 
20.7 
25.3 
15.0 
28.7 
42.6 
37.0 
43  1 
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49.5 
47.3 
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48.0 

53.5 

61.0 

63.5 
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61.6 
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50.3 
47.6 
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40.7 
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34.0 
32.0 
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19.2 
13.3 
3.3 
25.7 
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19.0 
24.3 
^5.9 
23.5 
15.2 
19.0 
26.0 
24.7 
27.0 
26.5 
31.3 
30.2 
32.0 
41.2 
42.0 
48.1 
39.5 
46.1 
51.8 
49.9 
52.8 
50.5 
58.5 
65.2 
67.8 
63.3 
65.5 
64.0 
64.9 
65.1 
63.1 
67.0 
H5.9 
67.9 
66.2 

6:j.o 

50.4 
60.6 
54.0 
43.0 
38.0 
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39.0 
38.0 
38.0 
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29.8 
26.8 
21.8 
25.7 


6 
Inches 


18.4 

20.0 

23.8 

23.5 

23.6 

16.4 
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43.0 
47.2 
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52.0 
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(J5.5 
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53.7 
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63.4 
(V).3 
65.0 
a>.7 
65.7 
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Some  Experiments  With  Subsoiling. 

BY   B.  C.  FUFFUM   AND  W.  H.  FAIRFIELD. 


The  natural  requisites  for  farming  are  soil,  water,  air, 
heat  and  sunshine.  With  one  exception  these  natural  bless- 
ings are  sufficiently  abundant  in  the  arid  west.  That  ex- 
ception is  water.  The  greatest  question  in  our  agriculture 
is  how  to  make  the  most  of  our  limited  supply  of  this  life- 
giving  element.  Making  use  of  our  water  supply  would  be 
a  comparatively  simple  matter  if  all  the  moisture  which 
might  be  brought  to  the  soil  could  be  held  there  until  plants 
could  make  use  of  it.  But  water  is  never  still.  In  seeking 
its  common  level,  the  sea,  it  runs  off  the  surface  of  the 
land,  or  seeps  through  the  .upper  layers,  escaping  from  be- 
low and  that  which  is  retained  for  a  time  by  the  soil  is  be- 
ing continually  dissipated  into  the  air  as  invisible  vapor. 
In  our  dry  climate  the  evaporation  is  so  great  that  five  or 
ten  times  as  much  water  as  comes  to  the  earth  in  a  year 
by  rain  would  be  lost  by  this  process  alone.  Any  practical 
plan  then  of  saving  as  much  moisture  as  possible  for  the 
use  of  crops  is  of  great  importance  and  value. 

Tillage  consists  of  stirring  the  soil  and  is  as  old  as  agri- 
culture. Its  effect  is  somewhat  complex.  It  breaks  up  the 
soil  admitting  air,  without  which  plants  can  not  grow.  It 
loosens  the  soil  so  it  becomes  suitable  for  planting  the  seed, 
as  well  as  for  the  development  of  plant  roots  and  for 
the  absorption  of  water,  brought  to  it  by  rain  or  irrigation. 
It  disintegrates  the  soil  particles  continually  unlocking  and 
making  available  to  the  plant  new  stores  of  plant  food.  It 
destroys  weeds.  Breaking  up  the  surface  forms  a  blanket 
which  prevents  the  rapid  loss  of  water  by  evaporation.  Is 
it  enough  that  we  shall  cultivate  the  surface  of  the  earth,  or 
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shall  we  find  it  profitable  to  extend  tillage  deeper  into  the 
hitherto  undisturbed  subsoil? 

Subsoiling  is  stirring  the  earth  below  the  region  of  the 
plow.  For  convenience  we  speak  of  the  first  eight  inches 
of  soil  which  may  be  turned  over  in  plowing  as  the  surface 
soil  and  all  below  this  as  the  subsoil.  Plowing  turns  the 
surface  soil  bottom  side  up.  Subsoiling  does  not  change 
the  position  of  that  part  of  the  soil,  but  it  breaks  up  and 
stirs  the  ground  below  the  ordinary  depth  of  plowing.  This 
may  be  effected  by  a  spur  or  prong  attached  to  the  plow 
which  breaks  up  the  soil  at  the  bottom  of  the  furrow,  op  it 
may  be  done  with  a  separate  implement  to  be  drawn  along 
through  the  soil  beneath  the  bottom  of  the  furrow  after 
the  plow,  to  stir  the  ground  to  greater  depths  than  can  be 
done  with  a  small  attachment  to  the  ordinary  plow.  This 
implement  is  called  the  subsoil  plow  and  usually  consists 
of  a  mole  or  a  more  or  less  flat  piece  of  iron  pointed  at  one 
end  and  attached  to  the  beam  by  a  strong  flat  vertical  blade. 
When  drawn  through  the  soil  in  the  bottom  of  the  furrow 
left  by  the  plow  this  implement  can  be  made  to  break  up 
and  stir  the  subsoil  to  a  depth  of  from  one  to  two  or  more 
feet. 

The  advantages  claimed  for  subsoiling  are  that  it  makes 
more  room  for  root  development,  and  enables  the  plant  to 
extract  food  and  moisture  from  a  greater  area,  and  that  by 
loosening  up  more  of  the  soil  its  capacity  for  absorbing  and 
retaining  moisture  is  increased.  By  the  absorption  of 
greater  amounts  of  moisture  in  winter  and  spring  it  is  sup- 
posed that  subsoiling  provides  against  summer  drouth.  It 
is  reasonable  to  suppose  that  this  is  what  would  happen 
and  the  many  favorable  reports  on  subsoiling  from  humid 
and  semi-arid  regions  indicate  that  loosening  the  lower  lay- 
ers of  soil  is  a  valuable  way  of  conserving  moisture  for  those 
regions.  Before  discussing  the  effects  of  subsoiling  in  Wy- 
oming the  differences  between  a  truly  arid  region  and  one 
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which  is  only  semi-arid  should  be  briefly  pointed  out.  Places 
where  the  annual  rainfall  is  less  than  fifteen  inches  are  gen- 
erally called  arid.  The  air  is  dry;  the  evaporation  is  great; 
the  rainfall  is  not  sufficient  to  mature  cultivated  crops.  In 
the  semi-arid  region  the  rainfall  is  more  than  fifteen  inches 
and  may  be  enough  to  mature  profitable  crops  if  the  moist- 
ure can  be  stored  up  in  the  soil  and  saved  until  the  crop  can 
make  use  of  it.  In  Wyoming  the  conditions  are  truly  arid 
unless  it  be  in  the  extreme  northeastern  portion  of  the  state. 
There  is  little  precipitation  during  the  fall  and  winter,  so 
very  little  moisture  escapes  by  running  directly  off  the  sur- 
face of  the  land.  If,  then,  subsoiling  is  not  necessary  to  in- 
crease the  holding  capacity  of  the  soil,  and  absorb  water 
during  time  of  extra  supply,  will  it  save  more  of  the  water 
which  may  be  applied  artificially  during  the  growing  season 
and  will  this  and  other  advantages  make  it  profitable  to  go 
to  the  extra  expense  of  such  tillage  in  our  state? 

To  solve  this  question  we  have  been  experimenting  with 
subsoiling  for  three  years  and  this  bulletin  is  published 
to  report  the  results  obtained.  The  experiment  was  con- 
ducted in  the  same  manner  on  the  several  experiment  farms 
in  the  state.  Unfortunately  the  records  of  the  Lander  farm 
were  lost  in  transit,  and  the  publication  of  this  bulletin  has 
been  long  delayed  with  the  hope  they  might  be  found.  The 
soil  of  the  Lander  and  Sundance  farms  is  almost  identical, 
the  altitude  of  the  two  places  is  not  far  different  and  while 
the  experiment  in  subsoiling  was  only  carried  out  one  sea- 
son at  Sundance,  a  comparison  of  the  results  obtained  would 
be  highly  interesting.  The  climate  of  Sundance  is  semi- 
arid  or  sub-humid,  crops  being  raised  without  irrigation, 
while  that  of  Lander  is  arid  and  no  crops  are  raised  without 
irrigation.  A  comparison  of  the  results  at  these  places 
would  give  more  trustworthy  evidence  of  the  difference  in 
value  of  subsoiling  under  such  conditions  of  climate  and 
farm  practice. 

The  experiment  was  begun  in  the  spring  of  1896  and  car- 
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ried  out  that  year  at  Laramie,  Lander,  Sheridan,  Sundance 
and  Wheatland.  In  1897  the  cropping  was  repeated  on 
the  same  land  at  Laramie,  Lander  and  Sheridan,  and  in 
1898,  at  Laramie  only. 

PLAN  OF  THE  EXPERIMENT. 

Following  is  an  outline  of  the  instructions  for  subsoiling 
which,  with  slight  modifications  for  each  locality,  were  fur- 
nished the  farm  superintendents  in  the  spring  of  1896 — 

This  experiment  is  to  be  carried  on  alike  on  each  of  the 
farms.  Select  a  suitable  acre  plat.  Plow  the  land  over  the 
whole  plat  the  same  and  let  all  other  operations  such  as 
harrowing,  etc.,  be  the  same  for"  all  parts  of  the  plat.  Sub- 
soil thoroughly  one-half  of  the  plat.  Mark  carefully  and 
permanently  the  line  where  the  subsoiling  stops. 

Divide  the  plat  into  four  equal  parts  so  one-half  of  each 
fourth  is  on  the  subsoiled  portion  and  one-half  on  the  part 
merely  plowed. 

l'])on  the  first  fourth  acre  plant  oats. 

Upon  the  second  fourth  acre  plant  potatoes. 

Upon  the  third  fourth  acre  plant  wheat. 

Divide  the  last  fourth  into  two  parts  and  plant  beets  on 
the  one  and  corn  on  the  other. 

Treat  the  crops  on  the  plowed  and  subsoiled  land  the 
same  throughout  the  season.  Keep  careful  notes  of  any 
variations  on  the  two  parts  of  each  plat. 

When  you  harvest  each  crop  cut  out  a  strip  six  feet  wide 
along  the  line  on  which  the  subsoiling  stops,  casting  out 
the  crop  from  a  strip  three  feet  wide  on  each  side  of  this 
line,  which  part  is  to  be  taken  no  account  of  in  figuring  up 
the  yields  on  subsoiled  land  or  land  not  subsoiled.  This  is 
important  as  the  effects  on  the  ground  treated  or  untreated 
will  reach  across  the  line  some  distance. 

Measure  the  area  in  square  feet  occupied  by  each  crop  to 
be  used  in  figuring  up  the  yields.     In  the  case  of  rowed 
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crops,  allow  for  the  number  of  rows  at  their  distance  apart 
and  take  the  length  of  row  on  treated  and  untreated  land. 

This  experiment  will  be  repeated  upon  the  same  ground 
for  a  number  of  years  to  determine  the  effect  of  subsoiling 
on  soil  and  crops — . 

In  1898  som«  additional  land  was  subsoiled  and  on  one 
plat  of  oats  covering  one-half  acre  an  accurate  measurement 
was  made  of  the  irrigation  water  used.  In  1897,  the  next 
year  after  the  Jand  was  subsoiled  for  this  experiment,  the 
Physicist  made  a  study  of  the  moisture  content  of  different 
soils  which  was  published  in  Bulletin  No.  35  of  this  Station, 
a  resume  of  which  is  used  in  this  report. 


Results  of  the  Experiments. 

Plants  of  different  kinds  act  very  differently  when  grown 
on  subsoiled  land.  The  effect  on  a  crop  of  loosening  the 
soil  to  a  depth  greater  than  by  ordinary  plowing  is  also 
very  different  on  different  soils  and  under  varying  climatic 
conditions.  Our  experiments  were  carried  out  in  widely  sep- 
'^rated  parts  of  Wyoming  and  with  the  more  important  crops 
raised  in  each  section.  Again  there  are  often  accidental 
variations  which  throw  doubt  on  the  value  of  an  experi- 
ment and  where  possible  the  work  has  been  repeated  more 
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than  one  season.  The  concluBions  reached  have  been  care- 
fully drawn  and  we  believe  the  results  of  these  experiments 
are  worthy  of  consideration  by  our  farmers. 

The  soil  on  the  station  farm  at  Laramie  contains  con- 
siderable gypsum  and  lime  carbonate,  is  quite  sticky  when 
wet  and  becomes  firmly  compacted  below  the  plow.  The 
land  selected  for  this  experiment  had  been  cultivated  for  a 
number  of  years.  It  was  plowed  about  eight  inches  deep 
and  one-half  the  plat  was  subsoiled  to  a  depth  of  fourteen 
to  sixteen  inches  in  April,  1896.  The  ground  was  so  hard 
that  four  horses  were  required  to  pull  the  subsoil  plow 
and  if  larger  areas  were  to  be  treated  six  horses  would  be 
necessary.  The  land  was  not  again  subsoiled  but  the  dif- 
ference in  the  yield  of  crops  produced  was  observed  for 
three  seasons.  This  shows  the  lasting  effects  of  subsoiling 
and  the  return  which  may  be  expected  from  one  such  treat- 
ment, and  throws  light  on  the  absorption  and  retension  of 
water  through  the  entire  year.  The  second  year  there  was 
a  slight  difference  in  the  depth  of  the  plowing  on  the  two 
portions  of  the  plat.  Where  the  land  had  been  subsoiled 
the  plow  sunk  one  to  three  inches  deeper  than  on  the  plowed 
portion. 

On  the  other  station  farms  in  the  state  the  plowing  and 
subsoiling  was  done  in  the  same  manner  as  at  Laramie. 
At  Sheridan  the  soil  is  clay  underlaid  with  true  hardpan. 
It  is  not  known  to  what  extent  this  hardpan  was  broken  up 
by  the  subsoil  plow.  At  Wheatland  the  soil  conditions  are 
much  the  same  as  those  at  Laramie.  At  Sundance  the  soil 
is  deep,  contains  gypsum  and  much  of  the  subsoil  consists 
of  red  shale  which  is  not  tenaceous  but  comparatively  easy 
to  work. 

The  average  rainfall  is  nearly  ten  inches  at  Laramie; 
about  the  same  at  Wheatland,  nearly  fourteen  inches  at 
Sheridan  and  twenty  inches  at  Sundance.  At  Laramie  and 
Wheatland  from  fifty  to  sixty  percent  of  the  total  annual 
precipitation  falls  .in  the  growing  months  of  May,  June* 
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July  and  August.  The  greater  amount  of  precipitation  at 
Rundanee  and  the  fact  that  the  land  was  not  irrigated  un- 
doubtedly accounts  for  some  of  the  difference  noted  in  the 
effects  of  subsoiling  between  the  Sundance  and  other  farms. 

Snbsoiling  for  Grain  Orops. 

Table  I.  gives  the  effects  of  subsoiling  on  the  yields  of 
wheat.  Though  the  difference  was  not  great,  the  yield  from 
the  subsoiled  land  was  less  than  that  from  the  land  only 
plowed,  at  Laramie,  the  year  the  subsoiling  was  done.  The 
second  and  third  years  there  was  a  slight  increase  in  yield 
from  the  subsoiled  land.  The  increase  in  the  yield  of  straw 
is  greater  in  proi>ortion  than  that  of  grain.  This  condi- 
tion would  be  expected  as  the  increased  feeding  area  of  the 
roots  and  other  conditions  favoring  rank  growth  would 
produce  more  straw  and  lees  grain  where  the  growing  sea- 
son is  short.  The  reason  for  this  is  indicated  in  Wyoming 
Station  Bulletin  No.  37  on  the  f'Stooling  of  Grains."  It 
is  a  general  law  that  under  adverse  conditions  plants  strive 
to  mature  seed  in  order  to  reproduce  themselves.  Under 
these  conditions  then,'  grain  will  mature  earlier  and  pro- 
duce more  seed  in  proportion  to  the  rest  of  the  plant  than 
where  everything  is  favorable  to  long  continued  growth. 

Table  I. — Subsoiling  far  Wheat 

Yields  in  Pounds  per  Acre. 


First  Year. 


Subsoiled 
Plowed.  . 

iGain.   .   . 

ILoss..  .  . 


/ 


Second 
Year. 


( Subsoiled. 
\  Plowed.  . 
I  Gain.  .   . 


Third 
Year. 


^  Subsoiled. 
Plowed.  . 
Gain...  . 


Laraicib. 


Straw 

and 

Grain 


2627 
2803 


236 


2174 
1804 


280 


2170 
2127 


43 


Grain 


043 

907 


54 


901 
876 


25 


008 
833 


85 


Sheri- 
dan. 


Whbat- 

UiND. 


Grain. 


:%oo 

450 


'.\-~. 


2700 
750 


Grain. 


l'<:»i 
J614 

112 


SUNDANCB. 


Straw 

and 

Grain. 

Grain. 

3920 
3441 

1440 
1160 

480 

280 
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The  increase  in  yield  of  wheat  at  Laramie  the  second  and 
third  years  on  the  land  which  had  been  subsoiled  is  but 
little  more  than  enough  to  balance  the  decrease  the  first 
season.  At  Sheridan  there  was  an  increase  in  yield  the 
first  year  of  seven  and  one-half  bushels  and  the  second  year 
of  twelve  and  one-half  bushels  on  subsoiled  land.  At 
Wheatland  and  Sundance  the  increase  on  subsoiled  land 
was  small  but  was  over  twice  as  much  at  Sundance  as  at 
Wheatland. 

The  results  with  oats  are  given  in  Table  II.  The  length- 
ening of  the  season  for  oats  by  subsoiling  was  more  marked 
than  with  wheat.  At  Sundance  the  oats  on  the  subsoiled 
portion  of  the  plat  seemed  to  be  making  better  growth  dur- 
ing the  first  part  of  the  season  but,  when  harvested,  Super- 
intendent Hoyt  reported  a  smaller  yield  than  was  obtained 
from  the  land  treated  in  the  ordinary  way.  At  Laramie 
the  oats  were  later  in  reaching  maturity  on  the  subsoiled 
land.  It  may  be  stated  that  late  varieties  of  nearly  all  crops, 
if  not  interfered  with  by  frost,  produce  heavier  yields  than 
those  which  require  only  a  short  season  in  which  to  ma-  • 
ture.  Lengthening  the  growing  season  for  the  same  variety 
would  be  expected  to  increase  the  yield,  but  at  the  high 
altitude  of  the  land  over  a  large  part  of  Wyoming  the  time 
between  late  and  early  frosts  is  comparatively  short  and 
earliness  in  ripenyig  is  a  most  important  factor.  There 
was  a  slight  increase  in  yield  of  oats  the  first  two  years,  but 
the  third  season  the  decrease  in  crop  was  almost  enough 
to  balance  the  gains  of  the  first  two  seasons,  though  whether 
or  not  the  effect  the  third  season  was  due  to  subsoiling  may 
be  questioned. 

At  Sheridan  there  was  a  loss  of  seventy  pounds  more  of 
oats  the  first  year  than  was  gained  the  second  year  by  sub- 
soiling.  At  Wheatland  there  was  a  small  increase  on  the 
subsoiled  land,  but  the  variation  was  small,  probably  not 
more  than  would  be  obtained  on  any  two  plats,  though 
treated  exactly  alike.    To  all  appearances  the  yields  of  oats 
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were  not  materially  influenced  at  any  place  by  sabsoiling 
the  land. 


Table  ll.^Subsoiiing  for  Oats, 

Yield  in  Pounds  per  Acre. 


Laramib. 

Shsri- 

DAN. 

Wheat- 
land. 

Sundance. 

Straw. 

Gr«in. 

1520 
1345 

Grain. 

Grain. 

Straw. 

Grain. 

/SuUoiled 

-,.    .  V J  Plowed 

4390 
3898 

3070 
3360 

1898 
1614 

1960 
2224 

512 

648 

Fir.tYear^(j^^ 

492 

'175 

290 

184 

356 

iLoss'. 

136 

c         A     rSub»oiled ^^^ 

1345 
1194 

151 

2700 
2480 

^^^'       \  Gain 

3;J7H 

177 

220 

/Subsoiled.  ...          .... 

Third    J  Plowed 

3^5 
4445 

1302 
1526 

Year.    ^  Gain 

800 

224 

ILOM 

Because  of  the  high  altitude  with  the  accompanying  short 
seasons  and  cold  nights,  corn  is  not  grown  at  Laramie,  so 
bai-Tey  was  planted  on  one  portion  of  the  subsoiled  plat 
at  this  place  and  com  was  grown  at  Sheridan,  Wheatland 
and  Sundance  instead  of  barley.  The  results  with  barley 
and  com  are  given  in  Table  111.  It  is  doubtful  if  any  ef- 
fect on  the  yields  of  barley  one  way  or  another  can  be  traced 
to  the  subsoiling.  The  first  year  there  was  less  straw  and 
more  grain  on  the  subsoiled  land.  The  second  year  this 
was  reversed,  there  being  more  straw  and  less  grain  where 
subsoiled,  and  the  third  year  there  was  aproximately  no 
difference  in  the  production  of  straw,  but  there  was  quite 
a  decrease  in  the  yield  of  grain. 

Subsoiling  for  com  did  not  pay  at  the  sub-stations  ex- 
cept at  Sundance  where  a  good  increase  in  yield  was  ob- 
tained. At  Sheridan  there  was  quite  a  large  decrease  in 
yield  of  corn  the  first  season,  and  no  difference  the  second 
year.  Superintendent  Lewis  reported  that  the  com  did 
not  mature  as  well  on  the  subsoiled  land.  The  first  year 
the  estimated  yield  on  the  subsoiled  part  of  the  plat  was 
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thirty  bushels  per  acre,  and  on  the  land  not  Bnbsoiled  thirty- 
five  bushels  per  acre.  Ten  per  cent,  of  the  com  on  the  land 
merely  plowed  ripened  thoroughly,  while  all  the  grain  from 
the  subsoiled  portion  of  the  plat  was  soft  and  immature. 
The  second  season  fifty  bushels  of  mature  and  thirty  bushels 
of  soft  grain  per  acre  were  harvested  from  each  portion  of 
the  plat.  To  compare  with  others  in  the  table,  these  yieMs 
have  been  reduced  to  pounds  by  using  the  weight  of  seventy 
pounds  per  bushel  for  corn  in  the  ear. 

At  Wheatland  during  the  season  of  1896,  the  supply  of 
water  for  irrigation  was  somewhat  limited,  and  if  the  crops 
suffered  for  water,  as  they  probably  did  to  some  extent, 
those  on  the  subsoiled  land  would  be  expected  to  have  the 
advantage.  Mr.  M .  R.  Johnson,  the  superintendent,  states 
that  all  the  crops  made  a  better  growth  on  the  subsoiled 
land,  that  they  seemed  to  withstand  drouth  better,  and  that 
the  quality  as  well  as  the  quantity  of  the  product,  indicated 
beneficial  effects  from  subsoiling.  The  corn  gave  a^  in- 
creased yield  of  363  pounds  per  acre  on  the  subsoiled  land,  a 


Table  III. — Subsoiling  for  Barley  and  Com, 

Yield  in  Pounds  per  Acre. 


Laramib. 

Shkri- 

DAN. 

WHfiAT-  ; 

LAND 

Barley. 

Com. 

Com. 

Straw.         Grain. 

1 

Grain. 

Grain. 

1 

/SuDBoiled 

2M4            1:j25      , 

2100 
2450 

3590 
2227 

j  Plowed 

2P89 

12»Z 

First  Year. 

\Gain 

45 

? 

350 

3500 
3500 

383      i 

iLoss 

1 

Second 

/Subsoiled 

)  Plowed 

4602 

4l2:i 

1479 
1668 

1 

•      1 

Year. 

\Gain 

479 

189 

■' 

( Loss  .' 

Third 

/Subsoiled 

;  Plowed 

iGain 

UX)SS 

2169 
2175 

527 
752 

Year.    " 

6 

225 

SlfK- 


Cora. 


Grain. 
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Snbsoiling  for  Root  Orops. 

The  fact  that  deep  soils  are  favorable  for  the  growth  of 
roots  is  recognized  everywhere,  and  as  would  be  expected 
snbsoiling  produced  more  marked  effects  on  the  yields  of 
root  crops  than  it  did  on  grains.  In  Table  IV.,  reporting 
the  results  with  root  crops,  it  will  be  seen  that  in  every 
trial  there  was  increased  yield  from  the  subsoiled  land,  and 
in  some  instances  there  are  important  gains.  The  lasting 
effect  of  snbsoiling  is  well  brought  out  in  this  table.  All 
the  tables  show  that,  at  Sherman,  where  the  experiment 
wa«  carried  out  two  years,  and  at  Laramie  where  results 
were  obtained  three  seasons,  the  beneficial  effect  of  subsoil- 
ing  is  greater  the  second  year  than  it  is  the  season  the  sub- 
soiling  is  done.  This  indicates  that  it  would  be  advisable 
to  subsoil  in  the  fall  rather  than  in  the  spring.  The  third 
year  the  soil  has  probably  become  compacted  again  so  the 
effect  is  much  less  than  it  is  the  first  two  seasons. 

•  Table  IV. — Subsoilin^  for  Root  Crops. 

Yield  in  Pounds  per  Acre. 


• 

Laramib. 

Shbridan. 

Wheat- 

LAND. 

SUNDANCB. 

S 

i 

• 

1 

• 

1 

3 

• 

1 

• 

a 

I 

t  SubM>iled 

Firtt  Year.  ^Plowed 

8605 
8380 

12858    ias60 
10620    12600 

2425 
2151 

8302 
8009 

8224 
0960 

17161 
14841 

\  Gain 



315       22:J8 

1260 

274 

203 

1264 

2320 

c*^An/i    \  SuJwoiled 

Yvlr      i  Plowed.  .   .-.   .   . 
Y^-      1  Gain 

36?2 
2620 

1052 

12803 
11643 

1250 

28700 
24706 

»el05 

^"^      /Gain 

6940 
6865 

5450 
4622 

75 

928 

POTATOES— At  Laramie  the  potatoes  planted  the  first 
year  failed  to  grow  because  the  soil  was  too  dry.  The  second 
and  third  years  the  stand  was  poor  and  small  yields  were 
obtained,  but  there  was  a  good  increase  of  crop  on  the  sub- 
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soiled  land.  In  Table  IV.  only  the  yields  of  potatoes  which 
were  of  sufficient  size  for  market  are  reported.  The  pro- 
portion of  large  and  small  tubers  on  the  two  kinds  of  ground 
and  the  increase  m  size  on  the  subsoiled  land  is  of  interest. 
Table  V.  gives  the  yields  of  large  and  small  potatoes,  the 
percent  marketable  and  the  weight  of  the  largest  twelve 
tubers  from  each  portion  of  the  plat  at  Laramie  in  1897 
and  1898.  The  difference  in  vield  in  1898  is  small  and 
there  was  practically  no  difference  in  the  size  of  the  pota- 
toes, indicating  that  little  effect  on  this  crop  was  produced 
by  the  lower  soil  having  been  loosened  up  three  years  be- 
fore. The  second  season  after  subsoiling,  however,  there 
was  not  only  a  large  increase  in  the  yield,  but  in  the  size 
of  the  tubers  as  well. 

Table  V. — EJfkcf  of  Subsoilinja^  on  Size  of  Potatoes. 

at  Laramie,  Wyo. 


1897. 

1896. 

- 

Yield. 

Percent. 
Market- 
able. 

Weiffht 

of 
largest 
twelve. 

Vield 

PercenL 
market- 
able. 

Weight 

Lar^ge. 

Small. 

Large. 

0040 
6865 

Small 

2417 
2212 

laigttt 
twelve. 

Subsoiled 

Flawed 

ill 

~ir>S2' 
1660 

892 

70.  a 

61.2 
0.1 

5.1 
4.5 

"7472" 
75.5 

4.6 
4.6 

Gain 

0.6 

75 

205 

At  Wheatland  the  subsoiling  produced  little  effect  on 
potatoes.  The  increase  in  yield  of  marketable  potatoes  was 
only  274  pounds.  Of  the  entire  crop  62.8  percent  were 
marketable  on  subsoiled  land,  and  on  the  land  not  sub- 
soiled  the  marketable  tubers  were  63.6  per  cent  of  the  whole 
crop.  At  Sheridan  and  Sundance  the  small  potatoes  were 
not  reported,  but  at  Sheridan  the  largest  12  tubers  from 
subsoiled  land  weighed  six  and  one-half  pounds  and  from 
plowed  land  six  pounds. 

ST^GAR  BEETS— Subsoiling  gave  satisfactory  increase 
in  yields  of  sugar  beets  at  every  place  except  Sheridan.    At 
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Laramie  the  increase  in  size  of  the  beets  is  worthy  of  special 
mention.  Not  only  were  the  largest  twelve  very  different, 
from  the  two  plats,  but  the  average  size  of  the  roots  was 
much  larger  on  the  deep  soil.  In  1897  the  largest  twelve 
roots  from  the  subsoiled.plat  weighed  nineteen  pounds  and 
from  the  plat  not  subsoiled  twelve  roots  weighed  eleven 
pounds.    In  1898  the  difference  was  less. 

Twelve  of  the  largest  beets  from  the  subsoiled  plat 
weighed  in  the  aggregate  seven  and  one-half  pounds  and 
from  the  plowed  land  six  and  one-balf  pounds.  Analysis 
of  the  beets  showed  slightly  better  results  from  the  land 
not  subsoiled.  Beets  from  subsoiled  land  contained  19.7 
percent  sugar  and  had  a  purity  of  88.2,  while  those  from 
the  adjoining  plowed  land  contained  20.3  percent  sugar 
and  had  a  purity  of  92.7.*  The  analyses  were  made  from 
the  crop  of  1897,  the  second  year  after  subsoiling. 

SUBSOILING,  IRRIGATION  AND  SOIL  MOISTURE. 

The  subsoil  plats  were  small,  and  as  it  was  necessary  to 
treat  the  crops  alike  on  bqth  parts  of  the  plat,  it  was  im- 
I>088ible  to  measure  the  amount  of  water  used  on  each  por- 
tion. An  experiment  was  carried  out  with  different 
amounts  of  water  on  the  potatoes  growing  on  the  subsoiled 
land  in  1897.  Measurements  were  made  of  the  total  amount 
of  water  usQd  on  the  -plat,  one-half  pf  which  was  subsoiled 
and  also  on  another  subsoiled  plat,  and  we  are  able  to  com- 
pare these  measurements  with  the  amount  of  water  used 
on  other  fields.  During  the  season  of  1897  the  Physicist 
made  a  series  of  moisture  determinations  on  the  different 
soils  and  published  the  results  in  Bulletin  No.  35,  a  resume 
of  which  is  shown  in  the  accompanying  diagram.  These 
observations  enable  u^  to  draw  some  conclusions  in  relation 
to  the  soil  moisture  and  the  use  of  irrigation  water  on  such 
deeply  tilled  soils  at  Laramie. 

In  1896  the  barley,  oats  and  wheat,  were  irrigated  twice, 

*See  Wyoming  Station  Bulletin  No.  lid.  Page  m. 
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on  the  acre  of  land  one-half  of  which  was  subsoiled.  At 
the  first  irrigation  on  July  2,  enough  water  was  applied  to 
cover  the  land  11.4  inches  deep  and  at  the  second  irrigation 
enough  water  was  applied  to  cover  the  land  6.12  inches 
deep,  or  a  total  depth  for  these  crops  of  17.52  inches.  The 
precipitation  for  the  year  was  10.75  inches  of  which  4.75 
inches  fell  during  the  months  of  May,  June,  July  and  August 
This  gave  a  total  of  22.27  inches  for  the  growing  season  or 
28.22  inches  of  water  for  the  year.  The  same  year  wheat 
and  oats  on  other  fields  received  enough  water  by  irriga- 
tion to  cover  the  land  to  a  depth  of  14.88  inches,  and  barley 
received  14.52  inches  of  water,  showing  that  enough  more 
water  was  applied  to  the  acre,  one-half  of  which  was  sub- 
soiled,  to  cover  the  whole  plat  three  inches  deep.  If  thi» 
was  due  to  the  effect  of  subsoiling  it  means  a  requirement 
of  six  inches  more  water  on  the  subsoiled  land.  Unfor- 
tunatelv  the  record  of  measurements  of  water  on  the  sub- 
soiled  plat  was  broken,  so  it  cannot  be  reported  for  1897,  but 
in  1898,  trustworthy  measurements  were  secured.  The  wheat, 
oats  and  barley  were  irrigated  twice.  On  June  24,  enoug^h 
water  was  applied  to  cover  the  land  11.52  inches  deep,  and 
July  13  enough  water  to  cover  it  9.12  inches  deep  or  a  total 
of  20.64  inches.  Including  the  rainfall,  the  land  received 
enough  water  during  the  growing  season  to  cover  it  to  a 
depth  of  25.22  inches,  and  in  the  year  28.26  inches.  It  is 
not  possible  to  draw  conclusione  in  regard  to  the  effect  of 
the  subsoiling  on  this  plat  in  1898,  as  other  crops  of  the 
«ame  kind  received  varying  quantities  of  water,  some  more 
and  some  less  than  this  amount. 

On  another  plat,  however,  which  was  subsoiled  in  the 
spring  of  1898  and  planted  to  oats,  the  amount  of  water 
used  in  irrigation  was  very  large.  The  land  was  irrigated 
twice.  At  the  first  irrigation  on  June  27,  enough  water 
was  used  to  cover  the  land  30.84  inches  deep,  and  all  of  it 
was  absorbed  by  the  soil.  At  the  second  irrigation,  July 
11,  enough  was  used  to  cover  the  land  13.44  inches  deep. 
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making  a  total  for  the  season  of  44.48  inches,  or  3.69  feet. 
Including  the  rainfall,  this  gave  a  depth  of  water  brought 
to  this  land  in  the  year  of  51.91  inches  or  for  the  growing 
season  of  48.47  inches.  The  amounts  of  water  used  on  other 
plats  of  grain  in  1898,  was  1.9U  feet  on  one  Held  of  oats,  2,58 
feet  for  oats  on  sod,  1.55  feet  for  oats  and  cultivated  grain, 
2.70  feet  for  one  plat  of  barley,  1.74  feet  for  one  plat  of 
wheat  and  oats,  and  3.63  feet  for  one  field  of  wheat,  which 
was  irrigated  three  times  and  given  an  unusual  amount  of 
water. 

The  illustration  of  five  feet  of  soil  on  the  Experiment  Sta- 
tion is  made  from  a  photograph  taken  one  year  after  the 
subsoiling  was  done.  The  upper  eight  inchee  of  darit  soil 
is  the  portion  turned  over  each  year  by  the  plow.  The  next 
six  or  eight  inches  of  subsoil  shows  the  effect  of  having 
been  loosened  by  the  subsoil  pk>w,  leaving  it  porus.  On 
the  native  plains  the  soil  below  the  first  one  or  two  feet 
may  not  have  been  wet  for  ages,  as  the  natural  rainfall  m 
not  suflBcient  to  wet  more  than  the  first  few  inches  of  sur- 
face, and  there  is  practically  no  difference  in  composition 
between  the  surface  and  subsoil.  Breaking  up  the  layer 
which  is  compacted  by  the  plow  in  the  bottom  of  the  furrow 
gives  the  water  a  new  reservoir  below  the  plowed  land  and 
affords  a  means  of  escape  by  seepage,  which  would  account 
for  the  large  amounts  necessary  to  soak  it  up  when  irrigated 
and  perhaps  also  for  easy  dissemmination  and  loss  of  the 
moisture  afterwards. 

In  1898  the  potatoes  on  the  plat,  one-half  of  which  was 
subsoiled,  were  divided  into  two  parts.  One  part  was  ir- 
rigated twice,  using  only  a  small  amount  of  water  each 
time  and  the  other  part  was  irrigated  three  times.  Those 
irrigated  twice  received  enough  water  to  cover  the  land 
2.04  inches  deep  on  July  28,  and  1.56  inches  deep  on  August 
4.  The  ones  irrigated  three  times  received  the  first  irriga- 
tion on  July  7,  when  enough  was  applied  to  cover  the  land 
10.20  inches  deep.    At  the  other  two  irrigations  they  were 
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given  the  same  amounts  as  the  potatoes  which  were  irri- 
gated but  twice.  The  results  are  given  in  Table  VI^  which 
shows  the  amount  of  water  applied  and  the  yields  on  land 
subsoiled  and  not  subsoiled. 

Table  VI. — Potatoes  with  Two  and  Three  Irrigations  on  Subsoiled  Land, 

Laramie,  Wyo.,  1898. 


Irrigated  twice  .   .   . 
Irrigated  three  times. 


Increase 


Total 
amount  of 

water 
applied. 
Inches. 

Yield  on 

land 
plowed. 
Pounds. 

4972 
8759 

Yield  on 
subsoiled 

land. 
Pounds. 

Averase 

yield! 

Pounds. 

Weight  of 
laraest 
twelve 

plowed. 

Pounds. 

3.6 
13.8 

5290 
8591 

5131 
8075 

3.0 
5.0 

10.2 

37K7 

3301 

3544 

2.0 

Weight   or 
laigat 
twelve 

Subsoiled. 
Pounds. 

5.3 
1.4 


This  shows  an  increase  due  to  the  increased  amount  of 
water  applied^  of  over  seventy-six  percent  on  plowed  land, 
and  sixty-two  percent  on  «ubsoiled  land,  the  average  in- 
crease being  about  sixty-nine  per  cent.  The  fact  that  in- 
creased water  applied  in  irrigation  did  not  increase  the 
crop  as  much  on  subsoiled  land  as  on  the  land  which  was 
plowed  is  in  favor  of  the  subsoiled  land  ae  it  indicates  tiiat 
the  crop  actually  needed. less  water  to  produce  the  same 
yield.  This  may  be  true,  as  the  variation  is  small  and  may  be 
accidental,  and  it  is  possible  and  probable  that  more  water 
was  actually  absorbed  by  the  subsoiled  portion  when  irri- 
gated. It  is  unfortunate  that  we  are  not  able  to  make  a 
like  comparison  the  first  and  second  seasons  after  subsoil- 
ing. 

If  moisture  comes  to  the  soil  during  any  part  of  the  year, 
the  friends  of  subsoiling  claim  that  it  is  retained  and  made 
more  available  to  the  crop.  The  study  of  the  moisture  in 
the  soil  of  the  different  plats  at  Laramie  in  1897,  which  was 
made  by  the  Department  of  Physics,  does  not  seem  to  bear 
out  such  statement.  The  accompanying  chart  illustrates 
the  difference  in  moisture  content  of  the  soils  on  sod  land, 
on  land  which  was  plowed  in  the  usual  way  and  on  the  sub- 
soiled  land.    The  determinations  of  moisture  were  made 
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daily  and  these  have  been  averaged  for  each  month.    The 
samples  were  taken  to  the  depth  of  one  foot  by  driving 
tubes  about  one  inch  in  diameter  into  the  soil.    On  the 
loose  ground  some  of  the  soil  might  be  driven  down  in  front 
of  the  tube  instead  of  entering  it,  but  the  samples  were 
carefully  taken  and  no  effect  of  the  kind  was  noted.    The 
vertical  bldx?k  lines  in  the  chart  represent  the  average  per- 
cent of  moisture  in  the  soil  which  is  also  expressed  in  fig- 
ures at  the  top  of  each  column.    The  last  three  columns  at 
the  right  represent  the  average  percent  of  moisture  for  the 
suram-er.  The  lowest  moisture  content  observed  was  2.52  per- 
cent in  sod  land,  September  24.  The  highest  percent  observed 
was   22.25   on   the   land    plowed   but   not    subsoiled   and 
immediately  after  irrigating  it.     The  amount  dropped  to 
19.7  percent   the  second   day,   and   to  15.76   percent    the 
third  day.    On  the  subsoiled  part  of  the  plat  after  irrigat- 
ing the  percent  was  21.15  the  first  day,  21.76  the  second  day, 
decreasing  to  16.23  the  third  day  after  applying  the  water. 
There  is  little  difference  in  the  average  moisture  of  the  sur- 
face soil  on  the  plowed  land  and  that  subsoiled,  but  what 
difference  there  is  shows  less  moisture  on  the  subsoiled 
land  throughout  the  summer.     These  facts  indicate  that 
more  water  was  needed  at  Laramie  to  irrigate  subsoiled 
land  and  less  of  it  was  retained  by  the  surface  soil  for  the 
use  of  the  plants  growing  thereon.     It  is  possible  there  was 
more  water  in  the  soil  below  the  depth  of  these  samples  on 
the  subsoiled  plat,  but  the  difference  was  not  great  enough 
to  produce  marked  effects  on  the  croi>s.    At  Sheridan  the 
Superintendent  states  that  more  water  was  requirt^d  at  the 
first  irrigation  and  less  at  the  second  on  the  subsoiled  land. 
At  Wheatland  the  crops  seemed  to  be  less  affected  by  drouth 
where  subsoiled.     This  may  have  been  due  to  an  excess  of 
water  absorbed  by  the  subsoiled  land  when  it  was  irrigated. 
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DOES  SUBSOILINa  PAT  7 

The  test  of  the  advisability  of  any  operation  on  the  farm 
lies  in  the  final  result  measured  in  dollars  and  cents.  Sub- 
soiling  is  an  expensive  operation  which  more  than  doubles 
the  ordinary  cost  of  preparing  the  land  for  the  crop  by  plow- 
ing. The  cost  of  subsoiling  will  vary  with  the  condition 
of  the  soil  and  the  price  of  labor.  The  cheapest  it  could 
be  done  on  large  areas,  and  thoroughly  done  as  in  these 
experiments,  would  be  at  a  cost  of  not  less  than  three  dol- 
lars per  acre.  Where  we  broke  up  the  subsoil  to  a  depth 
of  fourteen  to  sixteen  inches,  on  small  plats  the  expense 
was  five  or  six  dollars  per  acre.  Unless  it  increases  the 
yield,  improves  the  quality  and  therefore  the  value  of  the 
crop,  or  reduces  the  expense  of  producing  it,  or  requires 
less  water  so  the  same  supply  will  irrigate  more  land,  the 
practice  of  subsoiling  cannot  be  recommended  as  one  to  be 
adopted  on  the  farm. 

Referring  to  Table  I.  in  which  the  yields  of  wheat  on  sub- 
Hoiled  land  and  on  land  prepared  in  the  ordinary  way  are 
compared,  it  is  evident  that  the  accumulated  increase  for 
three  seasons  at  T^ramie  would  not  pay  the  expense  of 
one  subsoiling.  At  Rheridan  the  increase  of  450  pounds 
of  wheat  per  acre  the  first  year  and  750  ]>ounds  the  second 
due  to  subsoiling  would  give  a  total  value  of  twelve  dollars 
j>er  acre  more  from  the  subsoiled  land.  If  the  subsoiling 
cost  four  dollars  per  acre  more  than  the  ordinary  expense 
of  plowing,  the  margin  of  profit  is  large  enough.  Even 
though  we  allow  for  a  considerable  increase  in  yields  the 
second  year  at  Wheatland  and  Sundance,  subsoiling  would 
not  pay  for  wheat  in  these  localities. 

The  results  with  oats  as  given  in  Tabic*  11.  do  not  show 
any  marked  or  uniform  improvement  in  the  crop.  So  far 
as  our  experiments  may  be  relied  upon  as  showing  the  true 
effects  of  subsoiling  in  this  state,  the  indications  are  that 
it  will  not  pay  to  so  prepare  the  soil  for  oats.    The  same 
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statement  may  be  made  for  barley  and  com  unless  it  be  at 
Sundance^  where  the  increase  the  first  year  and  the  proba- 
bility that  there  would  also  be  a  like  increase  in  the  crop 
the  second  year,  indicate  that  subsoiling  for  com  might  pay 
in  that  r^on. 

Bubsoiling  for  root  crops  did  not  give  a  return  the  first 
year  at  Wheatland,  large  enough  to  pay  the  cost,  though 
the  quality  of  the  crop  was  improved  and  the  increase  the 
second  season  might  leave  a  profit.  At  Laramie  the  in- 
crease in  the  potato  crop  the  second  year  (see  Table  IV. 
page  11),  would  be  worth  f  10.50  to  f  18.00  at  the  local  mar 
ket  price.  On  the  Sheridan  farm  the  increased  yield  of 
potatoes  the  first  year  was  worth  from  |11  to  f 20,  and  at 
Sundance  from  f6  to  |12,  depending  on  the  market  price. 
The  value  of  sugar  beets  for  stock  food  would  make  the  in- 
creased vields  from  subsoiled  land  at  Laramie,  Sheridan 
and  Sundance  profitable.  As  a  rule  we  believe  that  sub- 
soiling  for  root  crops  will  bring  a  profitable  return. 

Whether  or  not  subsoiling  will  pay  depends  largely  on 
local  conditions  and  the  kind  of  crop.  Before  adopting  so 
expensive  a  system  of  tillage  the  farmer  should  satisfy  him- 
self in  regard  to  whether  it  will  bring  a  profit  on  his  land 
by  making  small  trials.  Our  results  can  not  be  said  to  in- 
dicate that  subsoiling  in  regions  which  depend  on  irrigation 
will  materially  assist  in  saving  the  moisture  or  make  ir- 
rigation less  necessary.  It  is  true  that  subsoiling  ap- 
parently mitigated  the  effects  of  drought  somewhat  in 
Wheatland,  though  the  increase  in  the  value  of  the  crop 
was  not  sufficient  to  pay  for  the  expense  incurred.  It  is 
possible  that,  where  water  for  irrigation  is  scarce,  and  other 
conditions  are  favorable,  subsoiling  might  make  the  water 
which  is  available  go  farther  in  maturing  a  crop,  though  we 
have  been  unable  to  prove  any  valuable  saving  of  moisture 
where  the  subsoil  is  made  poms. 
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8UMMABT. 

The  expense  of  snbBoillng  to  depths  of  sixteen  or 
eighteen  inches  is  from  three  to  six  dollars  per  acre. 

Bubsoiling  is  probably  more  valuable  in  semi-arid  or 
humid  regions  than  where  irrigation  is  practiced. 

The  effects  of  once  su^bsoiling  the  land  may  continue  for 
three  or  more  years  and  under  our  conditions  are  more  ap- 
parent the  second  season  after  the  subsoiling  is  done  than 
they  are  the  first. 

If  subsoiling  is  to  be  practiced,  we  recommend  doing  it 
in  the  fall. 

Bubsoiling  does  not  produce  a  uniform  effect  on  the 
grains.  Under  certain  conditions  it  may  pay  for  wheat 
raised  by  irrigation.  We  have  not  found  it  profitable  for 
oats,  barley,  or  com. 

Grain  takes  longer  to  mature  on  subsoiled  land.  At  high 
altitudes  where  the  season  is  comparatively  short  it  is 
doubtful  if  subsoiling  for  grain  is  advisable. 

The  quantity  and  quality  of  root  crops  are  greatly  im- 
proved by  subsoiling  the  land.  Subsoiling  can  be  generally 
recommended  in  this  state  for  potatoes. 

Under  our  conditions  stibsoiling  has  increased  the  amount 
of  water  needed  to  irrigate  the  land  and  apparently  is  of 
little  value  in  conserving  moisture.  However,  if  no  water 
.could  be  applied  by  irrigation  during  the  summer,  the  fill- 
ing with  moisture  in  the  winter  or  spring  by  rainfall  or  ir- 
rigation of  the  reservoir  formed  by  subsoiling,  would  be 
beneficial. 
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INTBODUOTION. 

There  are  herds  and  flocks  on  a  thousand  hills.  These 
are  one  of  the  great  sources  of  Wyoming's  wealth.  Though 
events  go  to  prove  that  we  must  more  and  more  become 
an  agricultural  people,  yet  for  years  to  come  the  most  re- 
munerative agriculture  must  be  that  which  finds,  in  the 
stock  interests  of  the  state,  its  reason  for  being.  Thous- 
ands of  horses,  tens  of  thousands  of  cattle  and  hundreds  of 
thousands  of  sheep  feed  within  our  vast  domain.  Can  the 
number  now  supported  be  increased?  If  not,  then  the 
stock  industry  has  reached  its  maximum  development. 

If,  as  has  been  asserted,  our  ranges  will  no  longer  sus- 
tain the  princely  herds  of  the  days  of  the  "cattle  kings," 
then  we  are  no  longer  occupying  one  of  the  important  van- 
tage points  of  the  state's  material  greatness.  That  th(» 
methods  followed  in  the  management  of  the  stock  industry 
have  materially  changed  admits  of  no  question.  The  pres- 
ent status  has  been  evolved  from  the  early  conditions  in 
which  chance  and  speculation  played  so  important  a  part. 
In  the  early  days  comparatively  few  men  were  able  to 
launch  out  into  so  deep  a  sea  or  even  cared  to  venture  on 
such  a  perilous  voyage. 

Herds  numbering  thousands  of  head  roamed  over  hills 
and  plains  with  no  supervision  except  the  semi-annual 
**round-up"  for  branding  or  for  "cutting  out"  those  animals 
fit  for  market.  Furthermore,  even  this  supervision  was 
largely  that  of  the  hireling,  the  owner's  eye  being  too  often 
absent  and  his  will  too  often  easilv  evaded. 
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With  no  provision  for  caring  for  the  stock  during  un- 
favorable winters  (those  with  heavy  snowfall  or  following 
a  season  of  drought),  whole  herds  were  decimated  many 
times  over  and  the  fabulous  profits,  which  had  been  so  al- 
luring, were  swept  away. 

Such  experiences  have  wrought  and  are  still  working 
their  own  reform.  The  speculative  features  are  giving 
place  to  sounder  business  principles  and  the  incomes,  whUe 
less  alluring,  are  far  more  certain. 

The  product  of  this  evolution  is  smaller  herds  in  the 
hands  of  many  owners,  more  personal  and  interested  super- 
vision, provision  for  the  care  and  feeding  of  stock  during 
inclement  weather  and  individual  control  of  land  either  by 
purchase  or  lease.  Are  these  conditions  such  as  would 
tend  to  diminish  the  stock  supporting  capacity  of  the 
state?  It  would  hardly  seem  so.  The  replacing  of  the  bo- 
nanza business  by  everyday  prosperity  must  multiply  even 
the  best  of  the  former  results. 

It  may  seem  at  first  sight,  as  if  the  enclosing  of  most 
of  the  irrigable  land«  is  simply  thus  to  withdraw  from  the 
available  pasture  lands  those  of  greatest  worth.  Let  it  be 
remembered,  however,  that  irrigation  increases  the  produc 
tiveness  of  these  lands  many  fold  and  the  increasd  product 
is,  in  most  cases,  a  direct  addition  to  the  stock-supporting 
capacity  of  the  lands.  Not  only  are  the  products  of  these 
irrigated  lands  generally  made  to  contribute  directly  to  the 
support  of  the  stock,  but  it  is  forage  secured  and  preserved 
at  a  time  when  the  open  range  furnishes  an  abundance,  and 
fed  out  when  this  resource  is  no  longer  adequate.  It  will 
be  seen  that  instead  of  decreasing  the  amount  of  stock  in 
the  state,  the  establishment  of  homes  and  farms  ought  to 
magnify  the  business  in  proportion  to  the  increased  yield 
of  the  lands,  and  that  the  profits  ought  to  be  enlargt^i  by 
reason  of  the  decreased  losses.  Whether  we  shall  actually 
experience  these  results  or  not  depends  largely  upon  the 
way  in  which  we  use  our  resources.    A  proper  appreciation 
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of  the  native  forage  plants  and  a  discriminating,  common- 
sense  use  of  the  pasture  lands  of  the  state  must  govern  us. 

Probably  it  is  true  that  the  quality  and  kind  of  native 
forage  is  not  identical  with  that  of  former  years,  since 
some  species  are  less  able  than  others  to  endure  the  heavy 
pasturing,  the  close  cropping  and  the  constant  trampling 
to  which  they  are  subjected.  In  over-irrigation  and  in  un- 
wise methods  in  the  application  of  water  we  find  other 
causes  for  the  extinction  of  some  species.  Indiscnminate 
flooding  drives  out  many  valuable  grasses  which  are  re- 
placed by  rushes  and  sedges,  less  valuable  but  for  the  fact 
that  the  yield  is  enormously  increased  above  that  of  the 
unirrigated  tracts. 

If  this  extinction  occurs  in  soils  in  which  other  hardier 
species  do  not  readily  replace  them  it  is  a  loss  that  must 
ultimately  seriously  affect  the  total  forage  resources  unk ss 
it  is  met  by  adequate  counteracting  influences. 

How  the  range  may  be  kept  up  to  its  old  value  is  an 
important  question,  but  how  it  may  be  improved  is  even 
more  so.  These  are  questions  involving  so  many  factors 
that  their  full  discussion  does  not  fall  within  the  province 
of  this  bulletin,  but  a  clearer  idea  of  what  is  here  aimed  at 
may  be  had  if  we  roughly  classify  and  briefly  characterize 
certain  foi^age  areas. 

FOBAGE  AREAS. 

The  distinctive  regions,  which  are  utilized  for  pasture, 
in  so  far  as  native  plants  are  concerned,  are  three.  These 
each  have  their  season  and  their  peculiar  advantages  and 
disadvantages. 

Mountain  Areas. 

This  term  is  meant  to  include  all  tracts  of  country  ly- 
ing at  an  elevation  of  8,500  feet  or  more.  Mountain  slopes, 
open  or  partly  wooded,  alpine  parks,  and  even  the  seeming- 
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Iv  naked  summits  become  hixuriantlv  clothed  for  a  few 
weeks  with  nutritious  grasses.    The  always  abundant  mois 
ture  ensures  a  certain  croj)  and  the  flowing  stream  is  nev 
er  far  to  seek  for  the  thirsty  cattle.    July  and  August  are 
the  safe  months  in  these  situations  which  are  of  little  value 
later  in  the  year.    Early  snows  soon  make  the  stations  un 
tenable  and  the  hard  freezes  of  the  lengthening  nights  con- 
vert the  succulent  grasses  into  dead  mats  of  little  value. 
Little  can  be  done  looking  to  the  improvement  of  these 
areas.    Here  Nature  must  take  her  own  course  and  we  can 
only  aid  her  by  not  taxing  her  resources  too  heavily.    Over- 
stocking this  kind  of  range,  where  the  climatic  conditions 
are  such  that  mature  seed  is  produced  but  spanngly  under 
the  most  favorable  conditions,  is  simply  to  rob  ourselves  of 
our  own  hentage. 

We  are  further  confronted  with  our  responsibility  to 
these  areas  on  account  of  their  relation  to  the  water  supply 
of  the  plains  below.  Whether  it  be  Forest  Reserve  or  gen- 
eral public  domain  we  are  interested  in  maintaining  the  for- 
est cover  for  the  retention  of  the  winter  snows  and  the  con- 
servation of  the  resultant  moisture.  Heavy  pasturing  can 
not  fail  to  ultimately  seriously  affect  the  renewal  of  the 
forest  growth. 

Hill  Country. 

Throughout  the  state  at  intervals  occur  ranges  of  hills, 
either  only  |>artly  wooded  or  wholly  denuded.  Broad  val- 
leys, rounded  summits  and  undulating  foot-hills  give  per 
feet  drainage  to  these  fairly  well-watered  areas.  They  mav 
be  said  to  in<'lude  all  those  portions  of  the  state  lying  below 
an  altitude  of  8,500  feet,  except  the  plains  discussed  below. 
Being  well  drained,  these  areas  are  reasonably  free  from  al- 
kali. In  the  broader  vallevs  mav  occur  considerable 
stretches  which  are  capable  of  being  irrigated.  In  these 
lo<*alities  it  is  [possible  to  materially  increase  the  forage 
product  either  by  furnishing  more  favorable  condition*  for 
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the  native  plants  or  by  introducing  more  productive  spe- 
cies.  However,  these  hill  lands,  as  a  whole,  do  not  lend 
themselves  readily  to  any  schemes  for  their  improvement. 
Cultivated  and  irrigated  with  diflBculty  our  treatment  of 
them  must  be  protective  rather  than  constructive.  Over- 
stocking should  be  avoided  and  periods  of  rest  should  al- 
ternate with  periods  of  use. 

This  kind  of  range  is,  perhaps,  in  proportion  to  area,  the 
most  valuable  that  the  state  affords.  Whether  it  is  more 
desirable  as  summer  or  as  winter  range  depends  upon  its 
particular  location  in  the  state  and  upon  its  exposure,  fac- 
tors  which  decide  its  relative  climatic  condition.  Areas 
eminently  satisfactory  as  summer  range  may  be  entirely 
nnsuited  for  winter  use  on  account  of  heavy  snow-fall  while 
other  areas  which,  from  lack  of  potable  waters,  are  quite 
worthless  as  summer  range  may  actually  fatten  great  herds 
during  the  winter  months.  The  most  desirable  winter  range 
is  not  necessarily  that  of  scanty  snow-fall  but  rather  one 
whose  topography  is  such  that  the  snow  is,  in  the  main, 
blown  off  of  the  slopes  and  open  areas,  forming  drifts  in 
the  draws  and  under  the  brows  of  the  hills.  These  drifts 
insure  snow  and  water  in  abundance  for  the  stock  when 
water  in  the  ponds  and  creeks  is  not  to  be  had  or  is  unfit 
for  use. 

The  Plains. 

We  thus  designate  any  large  comparatively  level  area. 
The  value  of  plains  as  grazing  lands  depends  upon  many 
factors,  chief  among  which  may  be  mentioned  the  amount 
of  rainfall  and  the  character  of  the  soil.  These  are  the  de- 
termining factors  of  the  character  of  the  vegetation  and 
makes  necessary  the  recognition  of  two  kinds  of  areas,  viz., 
those  which  are  free,  or  nearly  so,  from  alkali  and  those 
which  are  heavily  charged  with  it. 

NORMAL  PLAINS:  By  normal  plains  it  is  intended  to 
designate  those  whose  soil  has  no  unusual  or  detrimental 
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amoDut  of  alkali.  The  soil  may  be  of  varying  degrees  of 
fertility  and  the  forage  correspondingly  scanty  or  abundant 
but  no  problems  are  connected  with  these  soils  and  their 
crops  except  those  that  are  common  to  the  arid  west  in  gen- 
eral. 

Whether  such  regions  are  most  valuable  as  summer  or 
winter  range  is  determined  by  the  amount  and  character 
of  the  forage  and  of  the  water  supply  for  the  stock.  In 
some  portions -of  the  state  the  plains  become  buried  under 
the  early  winter  snows  while  in  other  parts  nearly  similar 
plains  are  swept  bare  by  the  winds  leaving  an  open  range 
throughout  the  year.  How  to  secure  from  such  lands  the 
best  possible  results  must  be  left  to  be  considered  in  some 
future  bulletin  * 

ALKALI  PLAINS:  The  soil  in  many  portions  of  the  state 
is  heavily  impregnated  with  alkali.  These  tracts  occur  in 
some  of  the  more  arid  portions  of  the  state  as  extended 
plains  or  as  extensive,  shallow  basins;  occasionally,  as  low, 
wet  flats  adjacent  to  streams  and  lakes,  and  now  often  as 
abandoned  strips  of  a  once  fertile  ranch.  The  latter  are 
due  to  the  accumulation  of  alkali  carried  to  the  lands  by 
the  irrigation  waters  or  leached  from  the  soils  of  the  ad- 
jacent slopes.  How  to  secure  from  such  ranch  lands  profit- 
able crops  and  from  the  larger  alkali  districts,  forage  of 
value  are  questions  worthy  of  consideration. 

RELATION  OF  PLANTS  TO  ALKALI.f 

A  question  needing  full  investigation  is  the  relation  of 
plants  to  alkali  or  other  salts  in  the  soil.  Practically  all 
that  we  know  is  that  some  species  have  adapted  themselves 
to  endure  or  even  to  thrive  in  soil  containing  greater  or  less 


♦The  management  of  pasture  lands  and  of  the  open  range  roust  vary  in  many  resp'cw. 
Little  can  be  done  for  the  improvement  of  lands  which  are  not  under  individual  control.  Data 
are  being  accumulated  regarding  crop  and  pasture  grasses  and  the  treatment  that  each  should 
have  to  give  th**  most  favorable  results. 

tThis  and  the  next  two  topics  have  been  in  part  adapted  Irom  the  writer's  report  upon  the 
Red  Desert  of  Wyoming. 
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amounts  of  various  salts;  that  the  seeds  Qf  most  plants  will 
not  germinate  in  alkali  soils  because  they  are  unable  to  ab- 
sorb enough  of  the  denser  water  of  such  soils.  It  has  been 
shown  that  alkali  retards  germination  or  entirely  prevents 
it  in  most  seeds  in  direct  proportion  to  the  amount  of  the 
salt  present  * 

Different  species  even  in  the  same  genus  behave  very  dif- 
ferently in  this  respect;  for  example,  Lambsquarters  (Che- 
nopodium  album)  seeks  a  soil  free  from  salts,  while  for  the 
Glaucousleaf  Lambsquarters  (C  glaxncum)  there  can  hardly 
be  too  much.  If  alkali  affects  a  plant  injuriously  it.  seems 
to  do  so  throughout  its  whole  development. 

Only  a  few  families  of  plants  contain  species  which  have 
adapts  themselves  to  a  saline  soil.  Easily  first  as  to  the 
number  of  species  in  this  respect  is  the  Goosefoot  Family 
(Chenopodiacea^).  To  this  belongs  a  large  number  of  dis 
tinctively  alkali  plants,  such  as  the  Salt-sages,  White-sage, 
Greasewood,  Russian-thistle,  Australian  Saltbush,  etc.  All 
6f  'the  native  forage  plants  that  are  tolerant  of  alkali  ar.» 
contained  in  about  a  half  dozen  families.  Besides  the  one 
already  mentioned  the  next  most  important  are  the  Grass 
family  (only  a  few  species)  and  a  few  species  in  the  Sedg  \ 
the  Rush,  the  Thistle  (Oompositae)  and  the  Pea  families. 

VALUE  OF  ALKALI  PLANTS  AS  FORAGE.f 

The  notion  that  often  prevails  that  the  small  shrubs  and 
weedy-looking  plants  of  alkali  lands  have  little  forage  val- 
ue is  an  error.  Inferior  they  may  be  to  some  of  the  choic- 
est grasses  but  they  are  equal  to  many  of  the  grasses  and 
sedges  that  are  cut  for  hay.  As  winter  forage  they  are  far 
superior  to  most  of  the  grass  like  plants  after  frosts  have 

•Bolletin  29.  Wyoming  Expt.  Station,  by  Prof  B.  C.  Buffum. 

fFor  an  excellent  summary  of  what  is  known  of  the  relation  of  plants  to  alkali,  and  of  the 
value  of  alkali-toleran*:  forage  plants,  see  Forage  Plants  for  Cultivation  on  Alkali  Soils,  by  Jared 
(i.  Smith,  in  Yearbook  of  Department  of  Agriculture  for  181W.  The  Experiment  Station  of  the 
University  of  of  California  has  also  siudied  exhaustively  many  of  the  questions  pertaining  to  al- 
kali soils  and  the  plants  adapted  to  them. 
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struck  these  down.  As  proof  of  this  note  the  majjnifteent 
results  that  are  attained  in  the  Red  Desert*  the  great  win- 
ter pasture  of  Wyoming.  If  the  winters  are  not  too  severe- 
ly cold  nor  the  snow  too  deep,  all  kinds  of  stock  not  only 
subsist  upon  these  plants  but  actually  remain  in  good  flesh 
throughout  the  winter.  These  plants  are  much  more  suc- 
culent than  appearances  would  indicate.  Growing  on 
strongly  saline  or  alkaline  soils,  the  Salt-sages  and  many 
other  plants  take  up  these  salts  in  such  quantity  that  one 
readily  detects  them  on  tasting  even  a  small  fragment  of  a 
leaf.  Btock,  feeding  upon  such  plants,  seeureii  the  neces- 
sary amount  of  salt  from  the  food,  so  that  the  salting  of 
stock  that  must  be  resorted  to  during  the  months  when  the 
animals  are  feeding  upon  the  mountain  grasses  is  wholly 
unne^jessary. 

INCREASING  THE  FORAQE  SUPPLY. 

In  the  earlier  paragraphs  of  this  bulletin,  attention  was 
called  to  the  fact  that  the  expansion  or  even  the  mainte- 
nance of  the  present  stock  industry  is  dependent  upon  the 
possibility  of  increasing  the  total  alnount  of  forage.  No  at- 
tempt will  be  made  to  show  how  this  may  be  done  except  as 
to  the  forage  of  our  alkali  lajids.f  On  the  Jarge  areas  of  these 
not  much  may  be  hoped  for  by  the  expenditure  of  any  ordi- 
nary efifort  or  means  but  nature  will  here  do  much  to  bring 
about  the  desired  result.  According  to  the  best  information 
obtainable  from  many  of  our  closest  observers,  the  amount 
of  forage  produced  each  year  is  perceptibly  increasing  in 
some  of  the  largest  alkali  areas  of  the  state.  In  these  lo- 
calities the  forage  chiefly  depended  upon  is  shrubby  in  its 
character.  The  cutting  down  to  the  ground  of  such  vegeta- 
tion enortnouslv  increases  the  number  of  annual  shoots. 


*Fora  full  du«cussion  of  the  alkali  forage  of  the  Red  E)e9cit  of  Wyoming  see  the  writer's 
report  to  the  U.  S.  Dept  ot  Agriculture,  published  a^  bulletin  13  ol  the  Div.  of  Agrosiolo^. 

fProbab'y   in  some  futuie  bulletin  the  character  of  the  f«rage  and  the  means  for  its  ioH 

provement  on  lands  tree  from  alkali  may  be  discussed. 
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From  winter  to  winter  this  shrubby  vegetation  has  been 
browsed  down  closer  and  closer  to  the  woody  bases  of  the 
plants,  until  now  the  tender  annual  shoots  are  produced  in 
much  greater  abundance.  The  effectiveness  of  this  brows- 
ing is,  of  course,  dependent  upon  the  region  being  used  as  a 
winter  pasture  only,  giving  time  for  growth  and  recovery 
each  summer.  If  we  «o  treat  alkali  plants  of  the  gi*eater 
plains  that  they  shall  have  a  chance  to  increase  where  they 
already  occur,  introduce  them  into  the  saline  soils  where 
they  are  not  now  found  and,  if  possible,  irrigate  those  that 
will  respond  to  this  attention  by  an  increased  yield,  we  shall 
see  a  marked  dilTerence  in  the  8tock-«upporting  capacity  of 
the  state. 

Much  can  be  done  to  make  profitable  the  enclosed  lands 
that  originally  were  alkali  lands  or  have  become  so  through 
irrigation.  Though  they  are  generally  considered  worth- 
less, yet  highly  satisfactory  returns  may  be  secured  from 
them  if  thev  can  be  successfullv  seeded  to  alkali-tolerant 
plants.  The  kind  of  plants  introduced  will  determine 
whether  the  crop  may  best  be  harvested  or  left  on  the* 
ground  as  winter  pasture. 

The  following  brief  list  contains  only  such  plants  as  are 
known  to  be  more  or  less  tolerant  of  alkali.  Each  is  discuss- 
ed with  respect  to  this  quality  and  as  to  its  value  as  forage. 
Introduced  plants  that  have  proven  of  more  or  less  value  in 
some  other  places  on  alkali  soils  might  be  given  but  it  is  be- 
lieved that  the  native  forms  are  quite  as  likely  to  give  favor- 
able results,  under  the  conditions  existing  here,  as  any  of 
of  the  introduced  ones. 

THE  SALT-SAGES. 

Among  the  plants  suitable  for  alkali  soils,  easily  first  are 
the  Kaltisages  or,  as  they  are  sometimes  called,  the  Salt- 
bushes  (Si>ecies  of  Atriplex).  Many  of  these  are  exceedingly 
nutritious  and  constitute  a  large  percentage  of  the  for- 
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age  in  some  of  tlie  arid,  alkali  plains.  Some  of  tbem  are  re- 
produced each  year  fnnii  need  but  nianT  of  them  are  per 
eitiiialH  with  merely  a  wtHxly  baw  or  sometimes  the  whnli' 
plant  quite  Hhriib-like.    The  pereiinialu  are  morp  valuable  at 


Plate  I.»     NiKtalTs  Salt-sagi-  {Alriplf.x  Nullalln  Wats.). 

pasture  plants  than  the  annuals,  though  tbey  art'  more  diffi 
cnlt  of  introduction,  but.  when  once  established,  should 
Yield  witliout  further  attention  forage  of  much  value.  Of 
the  i)erennial  a])ei'ies  Ihe  following  are  of  most  importance 
for  this  state,  as  judged  by  tlieir  present  relative  abundance 
and  adaptability  to  our  alkali  lands, 

•  T  wish  lo  acknowlfrl),-  llif  valuable  a<.i.Ianct  rfndfrtd  hy  Mt.  A.  H.  Danitllon  in  itit 
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Perennials. 

NUTTALL'S  SALT  BAGE— Plate  I  and  Fig.  1,  Plate  III. 
(Atriple^  Nuttallii.)  This  is  by  far  the  most  widely  distribut- 
ed of  the  Salt-^ages,  being  common  throughout  the  interi- 
or arid  west.  It  is  less  tolerant  of  alkali  than  the  following 
species,  occurring  principally  in  soils  where  salts  occur  in 
moderate  amounts  only.  It  is  essentially  a  plant  of  the 
greater  plains  where  it  sometimes  occurs  in  the  greatest 
abundance.  Especially  for  sheep  it  has  no  superior  as  win- 
ter forage.  From  its  woody  base,  it  each  year  puts  out  a 
large  number  of  stems  which  spread  loosely  in  all  direc- 
tions. These  ai^  seldom  more  than  a  foot  long,  are  quite 
h^ify  below  and  produce  a  great  abundance  of  very  nutri- 
tious seed.  Its  deep  set  roots  and  woody  base  enable  it  to 
endure  much  hard  usage  but  these  characters  in  connection 
with  its  slow  gix)wtli  make  it  unsuited  for  any  use  except 
permanent  pasture.  It  is  difficult  of  introduction  but  where 
well  established  care  should  be  taken  not  to  destroy  it. 
Seed,  however,  is  readily  obtainable. 

OSTERHOrrS  SALT  SAGE,*— Fig.  2,  Plate  III  (Atri- 
pliw  eremicola).  Tliis  species  resembles  the  preceding 
in  many  resjiects  biit  it  has  a  he^ivier,  harsher  woody  base,  is 
more  erect  in  habit,  grows  to  about  the  same  size  and  has 
probably  about  the  same  forage  value.  The  advantage  that 
it  enjoys  over  the  preceding  is  that  it  is  more  tolerant  of  al- 
kali, apparently  thriving  best  on  the  borders  of  lakes  and 
ponds  where  the  surface  is  quite  encrusted  with  the  salt. 
In  soils  where  the  preceding  will  not  grow  this  might  be 
substituted  were  not  th(^  following  a  far  more  promising 
species. 

KELSON'S  SALT-SAC^E,— Plate  II  and  Fig.  3,  Plate 
III,  (AtripU'j'  pahularis).  Of  the  native  perennials  this  is 
the  one  most  worthy  of  trial  as  a  crop  plant.    So  far  it  is 


•In  habit  this  so  much  resembles  the  preceding  ihai  no  illusiraiion  of  it  as  a  whole  has  been 
introduced. 
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only  known  from  Bouth-central  Wyoming  where  it  occurs 
in  greater  or  less  abundance  in  the  vicinity  of  alkali  lakes 
and  on  the  bank«  of  similar  creeks,  e,  g.,  Bitter  Creek,  in 


Platk   n.      NeNnn's  Saltsafrc  {AlripU\  /-ahihiti!  Aven  Nelson), 

tile  l{ed  Desert.  Unlike  the  two  prectnliiig,  its  woody  biise 
is  almost  wholly  underground,  the  numerous  annaal'  Bfems 
are  nearly  erect,  very  leafy  and  decidedly  herbaceooa  in 
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fharacter.  It  also  differs  from  the  others  in  the  close,  con- 
tinuous growth  that  it  mak^a  but  resembles  Osterhout's 
ii^alt-aage  in  that  it  is  at  borne  on  the  strongemt  alkali  soils. 
Th<mfrh  best  suited  for  a.pawtiire  plant,  yet  its  erect  habil 
aird  the  herbaceous  nature  of  the  stems  make  it  possible 
to  harvest  a  crop  of  this  with  the  ordinary  machinery. 


^ 

■>r- 

4.    liiishy  S.-ill.s..j!e. 

Dl'SHY  KALTSAGK,— Fif;.  4,  Plal.-  Ill  (Atriiilrr  can 
vm-enn).  This  speiiies  iif  Kalt-fatje  is  decidedly  wiiody, 
sometimes  a  shrub  several  feet  high.  Its  leaves  and  abiind 
ant  seeds  are  greatly  relished  by  all  browsing  animals,  so 
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much  so  that  it  is  being  largely  extorminated  when*  it  is 
accessible  to  stock  at  all  timen  of  the  year.  It  is  not  abund- 
ant in  Wyoniinft,  belonging  rather  to  a  range  to  the  south 
and  west  of  this  state.  On  account  of  its  shrubby  character 
it  can  hardly  be  recommended  for  introduction. 

Annuals- 
Some  of  the  annual  species  are  very  tolerant  of  alkali, 
grow  i-npidlr.  (»ften  forming  plants  of  great  size,  and  pni- 
duce  seed  in  the  utmost  profusion.  It  is  doubtful  if  the  for 
an*'  value  of  these  is  equal  to  the  perennial  species  and  a* 
winter  pasture  tliey  have  little  value.  On  strongly  saline 
soil  whei-e  nothing  else  will  grow  and  from  which  prouipl 
returns  are  desired  these  may  be  properly  tried.  To  secure 
I  lie  best  results  the  crop  mnwt  be  harvested  just  before  ma- 
Inrity  in  order  that  the  seed  may  be  retained.  Of  the  sever- 
al species  in  the  state  the  three  briefly  describel  below  are 
the  most  promising. 


Forage  Plants  for  AVcali  Soils.  37 

T:TAH  salt  sage,— Fig.  1,  Plate  V  {Atriplex  truncata). 
This  branches  rather  freely  from  the  base,  its  branches 
spreading  iowely  in  all  directions  and  producing  a  wealth 
of  auccnient  leaves.  It  is  less  tolerant  of  ailkali  than  the 
two  following  but  is  very  generally  distributed  on  the  arid, 
alkaline  plains.  It  is  probably  more  readily  introduced 
than  the  plants  that  are  native  on  the  more  strongly  im- 
pregnated soils. 


fl.ATB  V.     Seeds  (technically  called  fruits)  and  leaves  [>f  some  annual  Salt-sages: 
I.   Utah  Salt-sage,     2.  Spreadiiig  Sialt-snge.     3.  Tumbling  Salt-sage. 

Kl'READIXO  SALT-SA(SF.— Plate  IV  and  Fig.  2,  Plate 
V  (Atriplex  rrpimsu).  Very  similar  to  the  last  but  more 
freely  branched  and  with  much  smaller,  somewhat  triangu- 
lar leaves.  This  occurs  on  noils  iiften  quite  encrusted  with  al- 
kali, makes  a  dense  and  vigorous  growth  and  yields  a  targe 
quantity  of  fair  forage  which,  like  the  preceding,  must  be 
harvested  before  it  becomes  dry  and  brittle. 
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TUMRUNO  SALT-8AGE,~Plate  VI  and  Fig.  3,  Plate 
\".  (Atriplcj:  volutans).  In  this  plant  we  have  a  typical 
tiimbleweed.  It  branches  so  freely  and  intricately  that  by 
autumn  it  is  &  dense,  subspherical  mass.  At  maturity  the 
slender  taproot  becomes  brittle  and  soon  breaks,  after 
which  the  plant  is  rolled  hither  and  yon  by  the  winds,  scat- 
tering its  seeds  at  every  bound.  It  does  not  seem  to  be  widely 


Pl*te  VI.      Tumbling  Salt-sage  [Alriplex  volutans  Aver.  Nelson}. 

distributed,  being  scarcely  known  except  in  the  alkali  basins 
and  on  the  shoi'es  of  alkali  lakes.  On  lands  that  have  been 
abandoned  because  of  progressive  accumulation  of  alkali 
this  may  prove  to  be  just  the  desired  plant.  If  sown  thick- 
ly it  would  shade  the  ground,  preventing  further  rise  of  the 
»a1t,  absorbing  much  of  it  in  its  growth  and  prodncing  at 
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the  same  time  a  great  amount  of  coarse  forage.  If  harvest* 
ed  a  little  before  maturity  and  preserved  in  a  silo  it  would 
probably  yield  a  superior  product. 

WINTER-FAT. 

WINTER  FAT,— Plate  VII  and  Fig.  1,  Plate  VIII.  (Euro- 
ti^  lanata).  In  this  near  relative  of  the  Salt-sages  (some- 
times called  Kweet-sage)  we  have  another  plant  that  is  tol- 
erant of  alkali  and  of  much  value  a«  a  pasture  plant.  Though 
it  is  widely  distributed  in  the  state  yet  it  is  not  now  very 
plentiful  since  stock  seek  it  so  eagerly  that  it  is  becoming 
exterminated  in  many  places.  The  numerous  herbaceous 
branches  which  spring  from  the  woody  base  are  rather 
densely  white  hairy  and  become  during  the  season  about  a 
foot  long.  These  are  often  literally  loaded  down  with  the 
characteristic,  white  cottony  seeds.  It  thrives  on  cultivat- 
ed ground,  makes  a  rapid  growth  and  provides  winter  pas- 
ture of  great  value,  especially  so  since  (so  it  is  said)  stock 
feeding  upon  this  plant  are  remarkably  free  from  disease  on 
account  of  its  tonic  properties.*  Since  it  is  not  diflBcult  to 
find  small  patches  in  enclosed  grounds  from  which  seed 
may  be  obtained  ranchmen  will  no  doubt  find  it  worth  their 
while  to  give  this  valuable  plant  a  trial. 

THREE  QRASSES. 

Among  the  native  species  of  grasses  there  are  very  few 
that  can  be  recommended  for  cultivation  on  alkali  soils: 
There  are  several  species  that  will  exist  in  such  soils  but 
only  a  few  that  will  prove  profitable  as  pasture  or  crop 
plants. 

INDIAN  MILLET— Plate  IX  and  Fig.  2,  Plate  VIII 
(Eriocoma  cuspidata).  This  is  not  strictly  an  alkali  gra^s.  In 
fact  it  will  not  endure  soils  containing  a  very  large  percent- 
age of  salt.  It  is  included  here  because  it  is  one  of  the  import- 


•Vearbook  ol  the  Dept.  of  Agriculture,  p.  547,  IHiW. 


.  Head  of  Indian  Milltl. 
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^ant  jmstiire  (tra-wes  on  tlie  drj'er  alkaliDe  areas  of  the  in- 
tepior  west.  It  is  one  of  the  bunch-Ki'aBses,  fonning  dense 
tuftx  tioiii  a  few  iticliPB  to  a  foot  or  more  across.  In  no  re- 
gion is  it  so  dry  and  steril(>  that  it  will  not  live  but  in  better 


I'l.ATK  IX.  Indian  Millet  {En^xm.-  aispidata  Null,), 
soil  aud  witli  iiuire  moiwtiire  it  becomes  even  prolific.  Of- 
ten but  a  few  inrheH  high  ,vet  under  favorab-le  conditions  it 
attains  the  heiRht  of  a  foot  or  two.  In  any  case  it  fruits 
abmi'lantly  and  may  be  easily  known  by  its  large,  peculiarly 
bran<lied   spreading   panicle   and   large   silky   seetls.     All 


PLatk  X.      Alkali  Meadow  grass  {Piiciineltia  airoidrs  Coiilr.  .V  \\ais.). 

kinds  of  stock  reliali  this  |»lant  but  horses  are  eapeciallv 
fond  of  it  and  s(>em  do  weU  upon  it.  It  is  easily  grown  fmiu 
sffd  as  it  germinates  readily  and  reaches  its  best  develop- 
ment in  loose  or  sandy  soil.  It  is  often  adventive  in  cnlti- 
Tated  ground  and  on  the  loose  slopes  of  railroad  embank- 
ments. 

SLENDER  WHEATGRASfi.*— Fig.  1.  Plate  XI.  \Agm- 
pynm  tfneiiini).  ^Vmong  the  native  grasses  of  the 
west  there  are  none  that  will  surpass  in  value  the 
Wheat  grasfes.  Many  aperies  of  these  not  only  giow 
luxuriantly  but  represent  forage  of  very  high  nutritive  val- 
ue. Several  si>ecies  are  tolerant  of  alkali  but,  as  it  happens, 
the  one  that  is  Iw'st  adapted  to  soils  of  this  character  is  al- 
so in  many  other  respects  the  mo»t  desirable  as  a  meadow 
grass.     Slender  Wheat-Grass  makes  a  meager  givwth  in  drv 
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sterile  soil,  but  it  responds  promptly  to  all  cultural  advan- 
tages. The  writer  has  seen  wonderful  results  from  seeding 
the  ground  to  this  grass,  and  this,  too,  where  the  soil  was 
strong  with  alkali  and  the  water  used  for  irrigation  was  far 
from  the  best.  It  forms  a  close  uniform  growth  that  yields 
as  much  per  acre  as  an  average  field  of  Timothy.    Since  it 


Plate  XI.      i.   He  ids  of  Slender  Wheat  grass.       2.   Head  of  Alkali  Meadow- 
grass.     3.   Head  of  Tuber  Bulrush.     3a.   A  single  seed  of  Tuber  Bulrush. 

thrives  best  with  a  very  moderate  amount  of  water  (it  will 
not  endure  flooding)  no  more  profitable  grass  can  be  found 
for  saline  areas  of  limited  water  supply.  While  not  seed- 
ing very  freely,  the  requisite  amount  for  sowing  can  easily 
be  obtained  after  the  first  crop  has  been  harvested.  It  is 
easily  thrashed  out  in  a  machine  or  may  be  flailed  out  if  no 
better  method  is  at  hand.  Seed  of  this  grass  is  now  on  the 
market. 

ALKALI  MEADOW  GRASS,— Plate  X  and  Fig.  2,  Plate 
XI  {PuvchwUia  airoides).  Here  we  have  a  grass  that  is 
at  home  on  the  salt  encrusted  margins  of  ponds  and  lakes 
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and  on  wet  effloresfent  fiate  where  oth^r  grasses  are  wholly 
wanting.  In  such  situations  it  grows  lusurianllT.  making 
a  crop  of  muoh  value  but  for  the  difficulty  of  harvesting  it. 
Though  of  less  nutritive  valne  than  some  other  grasses  yet 
if  cut  in  its  prime  it  would  make  tolerable  hay.     Browsing 


PLATt  XII.     Tuber  Bulrush  [Scirpiis  paludesui  Aven  Nelsim). 

aniiiial«  greedily  devour  it  but  often  it  grows  in  boggy,  in- 
accessible places.  On  abandoned  alkali  flats  which  can 
be  flooded  early  in  the  season  but  which  can  be  entered  la- 
ter with  horses  and  mower  this  should  be  a  profitable  crop. 
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It  produces  a  fair  amount  of  seed  but  unless  harvested 

promptly,  as  it  nears  maturity,  much  of  this  is  lost.    Even 

as  a  pasture  grass  it  has  little  value  after  it  has  reached 

maturity. 

BXTLBUSHES. 

Though  there  are  several  Rushes  and  Bulrushes  that  oc- 
cur in  alkali  soils  and  have  some  slight  forage  value,  yet 
there  is  but  one  known  to  the  writer  that  is  sought  out  by 
stock  when  other  feed  is  ubundant.    This  is  the 

TIMBER  BULRI^SH— Plate  XII,  and  Fig.  3,  Plate  XL 
{Scirpus  paludosus).  It  never  reaches  maturity  if  it 
is  accessible  to  cattle.  They  will  w^ade  about  for 
it  in  places  where  they  are  in  imminent  danger 
of  becoming  mired.  Like  the  .  grass  last  described 
above  it  will  thrive  best  where  the  alkali  is  the  densest. 
Even  on  recently  dry  lake  beds,  covered  inches  deep  with 
the  white  salt,  this  species  still  develops  apparently  unin- 
jured. Its  best  development  is  attained  in  alkali  marshes 
that  become  dry  late  in  the  season.  In  such  situations,  if 
stock  be  kept  out,  it  makes  a  dense,  uniform  growth  and  at- 
tains a  height  of  18  to  24  inches.  Leaves  are  produced  in 
abundance  and  the  head-like  cluster  of  spikelets  are  so  rich- 
ly supplied  with  large  plump  seeds  that  it  is  an  easy  matter 
to  collect  quarts  of  them  by  hand  in  a  few  hours.  Though 
the  seeds  are  retained  by  this  plant  most  remarkably  well 
vet  none  are  more  easilv  thrashed  out  and  cleaned  than 
this. 

To  secure  perpetual  returns  from  lauds  so  thoroughly 
filled  with  alkali  as  to  be  worthless  as  regards  other  crops 
seems  more  than  possible  if  seeded  to  this.  Being  an  her- 
baceous perennial  of  the  most  persistent  character  it  should 
nraintain  itself  indefinitelv  where  it  is  once  introduced. 
Each  year's  new  stems  spring  from  the  tubers  produced  the 
previous  year  at  the  end  of  short  underground  stems,  and 
by  this  character  and  mode  of  development  this  sjiecies 
may  easily  be  recognized. 
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ALFALFA. 

{Medicago  sativa,) 


B.  C.  BUFFUM. 


Much  has  been  written  about  alfalfa  in  other  states. 
Btation  literature,  reports  of  Boards  of  Agriculture  and  the 
agricultural  periodicals  contain  many  accounts  of  experi- 
ments in  growing,  and  investigations  of  the  value  of  this 
forage.  No  other  plant  which  has  been  widely  grown  in  the 
arid  region  is  held  in  such  high  esteem  by  those  who  have 
had  the  largest  amount  of  experience  in  irrigation  farming. 
The  ease  with  which  it  is  grown,  its  hardiness  under  trying 
conditions,  the  large  yields  produced  year  after  year  from  a 
single  planting,  its  distinctive  value  as  a  fodder  and  its 
power  of  improving  the  soil  upon  which  it  grows  to  such  an 
extent  that  no  expensive  means  of  keeping  up  fertility  is 
necessary,  has  brought^alfalfa  near  to  the  hearts  and  pocket 
books  of  Intelligent  farmers  and  makes  it  a  boon  whose 
value  can  not  be  estimated. 

In  this  bulletin  it  is  not  our  purpose  to  give  an  account 
of  experience  with  alfalfa  in  other  regions,  but  to  report 
briefly  the  results  of  our  own  investigations;  indicate  meth- 
ods of  culture  which  will  insure  success  and  give  informa- 
tion of  the  return  that  may  be  expected  under  our  own  pe- 
culiar conditions  of  soil  and  climate.  The  question  of  rais- 
ing alfalfa  at  altitudes  under  six  thousand  feet  in  the  state, 
where  it  can  be  irrigated,  is  a  comparatively  simple  one.  It 
will  grow  on  poor  soil  if  in  good  tilth,  not  too  strongly  al- 
kaline and  with  good  drainage,  and  when  once  established 
it  only  requires  irrigating  and  harvesting  from  two  to  four 
times  each  season.    As  the  altitude  increases  and  conditions 
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become  less  favorable  more  care  is  required  to  secure  a 
stand  and  over  seven  thousand  feet  above  the  sea,  in  dry  and 
naturally  exposed  positions,  specific  treatment  must  be  giv- 
en to  insure  success.  By  the  term  "specific  treatment"  we 
would  not  convey  the  impression  that  great  expense  must  be 
incurred  to  secure  a  productive  meadow  or  that  any  practice 
which  is  bevond  the  abilitv  and  means  of  everv  ranchman  is 
necessary.  We  have  demonstrated  that  alfalfa  can  be  raised 
on  the  Laramie  Plains  at  small  cost  and  that  the  resulting 
crops  of  hay  will  be  remunerative  to  the  man  who  exercises 
as  much  care  and  judgment  as  he  would  to  raise  a  crop  of 
oats. 

Several  ranchmen  w^ho  first  attempted  to  grow  alfalfa 
on  the  Laramie  Plains  failed  because  they  used  wrong  meth- 
ods of  preparing  the  soil  and  sowing  the  seed  or  because  the 
crop  was  left  to  care  for  itself  after  sowing.  From  these  fail- 
ures the  belief  became  widespread  that  making  a  success  of 
raising  alfalfa  at  this  altitude,  under  our  conditions  of  ex- 
posure, drying  winds  and  short  seasons,  was  out  of  the  ques 
tion.  When  the  Experiment  Station  was  established  at  Lar 
auiie  I  was  warned  by  one  of  our  harge  ranchmen  that  any 
attempt  we  might  make  to  grow  alfalfa  would  surely  resuh 
in  failure,  and  that  it  would  be  unwise  for  us  to  spend  any  of 
the  station  funds  in  exi>eriments  with  it.  This  mnchnian 
stated  that  he  had  spend  five  hundred  dollars  in  his  efforts 
to  grow  alfalfa  on  his  ranch  and  was  fully  convinced  that  wc 
would  never  be  able  to  produce  alfalfa  hay  in  this  region. 
When  questioned  in  rt^gard  to  the  method  he  had  pursued 
he  said  the  ground  had  been  carefully  prepared  by  plowing, 
the  alfalfa  s(»ed  had  b(HMi  sown  broadcast  and  haiTowed  in, 
but  none  of  it  grew. 

Our  fir^t  attempt  to  grow  alfalfa  on  the  station  farm  in 
1891  failed.*    The  seed  was  planted  on  sod  the  first  year  it 

•See   Bulletin  No.  16.   Wyominj?    Experiment   Station,    "Grasses  and 
Forage  Plants,"  page  232. 
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was  plowed.  With  the  seed  was  a  goodly  supply  of  dodder, 
a  parasite  which  destroyed  the  young  alfalfa  plants.  Some 
alfalfa  seed  sown  on  sod  without  plowing  also  failed,  but 
since  that  time  many  plats  and  fields  have  been  planted  to 
alfalfa  and  we  have  not  had  occasion  to  record  another  fail- 
ure. After  we  had  been  growing  alfalfa  for  a  number  of 
3'ears  and  had  good  fields  of  it  close  to  the  county  road  to 
demonstrate  to  passers  by  that  it  was  successful,  many 
ranchmen  were  still  suspicious,  and  unfortunately,  at  the 
present  time,  some  seem  to  entertain  the  idea  that  we  have 
followed  some  secret  or  expensive  system  of  culture  to  make 
it  grow.  They  believe  that  our  fiourishing  fields  are  decep- 
tive and  that  it  is  beyond  their  power  to  secure  like  results. 
Only  a  year  ago  one  ram'hman  who  had  be<*ome  (H)nvinced 
from  what  he  saw  and  what  we  told  him  of  our  experience, 
that  alfalfa  was  a  practical  crop  to  grow,  applied  to  a  mer- 
chant in  Laramie  for  some  seed  to  be  sown  on  his  ranch. 
The  merchant  assured  him  that  he  could  not  aflPord  to  'cod- 
dle his  alfalfa,  as  he  said,  **go  out  and  cover  it  up  nights, 
the  way  they  do  on  the  Experiment  Farm,"  persuaded  him 
to  give  up  the  attempt  to  grow  it  himself  and,  I  believe,  sold 
him  seed  of  alsike  or  something  else  which  had  not  been  de- 
monstrated a  success  heve.  He  has  lost  a  yeai*^s  growth  of 
alfalfa  and  we  are  informed,  regrets  that  he  planted  alsike. 

To  trace  the  reason  for  such  a  prejudice  is  difficult  and 
it  is  only  necessary  to  say  that  such  ideas  are  based  on  com- 
plete misconception  of  the  purposes  for  which  the  station  is 
established  and  supported.  The  experiment  stations  are 
established  and  operated  for  a  single  purpose  and  that  is  to 
benefit  the  farmers  by  investigating  the  problems  in  which 
they  are  interested  and  can  not  afford  to  investigate  for 
themselves.  But  one  thing  is  asked  in  return  and  that  is 
that  the  results  of  these  investigations  be  accepted  and  made 
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use  of  by  the  farmer  for  his  own  personal  pecuniary  advan- 
tage. 

The  range  stockman  of  a  dozen  years  ago  could  make 
use  of  thirty  or  more  acres  of  public  domain  for  the  support 
of  each  steer.  He  drifted  away  from  the  habit  of  tilling  the 
soil  and  became  constitutionally  opposed  to  that  occupation. 
The  palmy  days  of  the  open  range  are  gone  and  the  inevita- 
ble may  as  well  be  accepted,  that  as  land  becomes  scarce 
that  which  can  be  irrigated  will  be  cultivated.  It  has  be- 
come necessary  to  support  each  head  of  stock  on  a  small 
fraction  of  the  land  which  was  formerly  available.  Irrigat- 
ing native  meadows  has  greatly  increased  the  production  of 
.  wild  hay.  Substituting  such  cultivated  forage  crops  as  al- 
falfa will  double  or  treble  the  production  of  hay  and  the 
prosperity  of  the  ranchman  and  farmer  who  makes  proper 
use  of  his  products  will  correspondingly  increase. 


ALFALFA  OULTUBE. 

The  culture  of  alfalfa  is  simple,  but  failure  often  re- 
sults from  wrong  treatment.  Under  favorable  conditions  no 
crop  is  more  easily  grown,  but  there  are  correct  methods  of 
procedure  in  alfalfa  culture  which  it  is  important  to  know 
and  make  use  of  everywhere.  Under  our  high  altitude  con- 
ditions, the  farmer  who  would  be  sure  of  his  success  must 
sow  his  alfalfa  seed  on  the  right  kind  of  land  and  in  the 
right  way;  have  the  soil  properly  prepared  and  give  the  crop 
that  attention  afterward,  which  will  prevent  its  dying  from 
drouth,  or  from  excess  of  water,  or  succumb  to  anv  of  the 
ills  due  to  pure  neglect.  The  farmer  should  remember  that 
alfalfa  has  been  a  cultivated  plant  longer  than  the  history 
of  the  Christian  era,  having  been  cared  for  by  man  for  over 
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2,000  years  and  introduced  into  parts  of  the  world  widely 
differing  from  its  native  home.* 

Although  it  is  a  perennial  plant  it  has  little 
more  tendency  to  go  wild  after  planting,  and  care 
for  itself  under  our  conditions,  than  wheat,  which 
everyone  understands  would  be  lost  to  the  world 
if  not  cultivated  by  man.  However,  alfalfa  is  one 
of  the  hardiest  forage  plants  known.  It  will  adapt 
itself  to  widely  differing  conditions.^  When  a  stand  has  once 
been  secured,  it  resists  drouth  remarkably  well,  will  stand 
as  much  or  even  more  heat  and  cold  than  other  cultivated 
plants  or  our  native  grasses  and  will  last  longer  under  con- 
tinous  cropping  than  will  the  best  native  meadow,  produc- 
ing each  year  from  two  to  four  times  as  much  hay.  As  al- 
falfa is  one  of  the  easiest  crops  grown  at  low  altitudes, 
farmers  as  a  rule  do  not  practice  the  careful  methods  here 
outlined,  bu<t  it  is  just  as  inexpensive  to  follow  a  right  meth- 
od as  a  wrong  one  and  ultimately  is  much  more  profitable. 
At  high  altitudes  where  the  growing  season  is  short,  the 
nights  cold  and  the  winters  long  and  dry,  specific  treatment 
becomes  necessary  to  insure  success.  The  hints  for  its  cul- 
ture here  given  are  especially  for  high  altitudes,  though  they 
are  generally  applicable  to  all  portions  of  the  state. 

KIND  OF  SOU.. — Alfalfa  thrives  on  any  good  soil  and 
in  some  places  on  comparatively  poor  soil,  though  it  prefers 
a  warm,  sandy  loam.  Instead  of  recommending  soils  and  lo- 
cations for  alfalfa  we  will  briefly  point  out  three  or  four 
things  to  avoid.  Do  not  plant  alfalfa  seed  in  soil  so  strong- 
ly impregnated  with  alkali  that  there  is  a  white  incrustation 

*Alfalfa  is  a  Spanish  name  said  to  be  derived  from  an  Arabic  word 
meaning  the  best  fodder.  In  Europe  it  is  known  as  lucerne,  but  origi- 
nally this  species  was  probably  a  native  of  some  part  of  Asia.  Its  scien- 
tific name,  Medicago.  comes  from  the  Greek,  Media,  a  country  which 
extended  east  to  the  Caspian  sea.  It  was  Introduced  into  Rome  from 
Media  about  470  B.  C.  From  there  it  spread  into  Spain  and  the  Span- 
lards  brought  it  to  Mexico  about  1620.  Nearly  flftv  years  ago  it  reached 
the  United  States  by  being  introduced  into  California  from  Chili,  South 
America. 
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of  salt  on  the  surface  during  part  of  the  year.  (See  discus- 
sion of  alfalfa  and  alkali  soils  on  another  page).  Do  not 
sow  seed  on  low  land  where  the  drainage  is  not  good.  Al- 
falfa will  not  live  where  free  surface  water  stands  as  near 
the  top  of  the  ground  as  one  or  two  feet  and  any  attempt  to 
grow  it  on  low,  wet  soils  will  result  in  failure.  Water  stand- 
ing around  the  plants  for  any  length  of  time  from  to  much 
irrigation  will  surely  destroy  them. 

Alfalfa  is  a  deep  feeder.  I'sually  it  will  not  do  well  on 
a  shallow  soil  underlaid  with  hard  pan  which  prevents  the 
strong  tap  roots  from  going  deep  into  the  subsoil.  We  have 
grown  several  good  crops  of  alfalfa  on  land  which  had  onlv 
from  twelve  to  eighteen  inches  of  surface  soil,  being  under- 
laid with  hard  pan  composed  of  gypsum  and  lime.  This 
land  has  good  slope  and  drainage.  While  good  crops  have 
been  secured  it  ha«  been  necessary  to  exercise  great  care  in 
irrigating  and  a  large  amount  of  water,  or  rather  numerous 
irrigations,  have  been  required  to  keep  the  plants  from  suf- 
fering, as  the  roots  could  not  reach  deep  into  the  soil  for 
moisture.  A  shallow  soil  over  sand  or  gravel  which  both 
provides  good  drainage  and  allows  the  roots  to 
sink  deep  into  it,  would  be  better  than  the  same 
soil  underlaid  with  hardpaij.  Many  ranchmen  have 
inquired  whether  or  not  we  would  recommend  plant- 
ing alfalfa  on  bottom  lands  along  the  river.  As 
a  rule  we  believe  upland  is  to  be  preferred,  as  the 
soil  is  usually  deeper  and  better  drained.  If  the  bottom 
land  is  comparatively  free  from  alkali,  and  the  surface  is  not 
too  near  the  water  level  at  any  season  of  the  year,  alfalfa 
will  succeed,  and  when  it  has  become  well  established  will 
probably  require  less  irrigation  than  on  upland,  as  the  roots 
will  go  down  far  enough  to  reach  the  moisture  supply  below. 

PREPARATION  OF  THE  LAND.— Much  depends  on 
the  condition  of  the  soil  upon  which  seed  is  sown.    Alfalfa 
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seedi»  are  small  and  the  soil  should  be  correspondingly  well 
pre])ared,  fine  and  moist.  We  do  not  recommend  planting 
alfalfa  on  sod  land  under  any  conditions.  At  low  altitudes 
in  this  State  a  good  stand  may  be  secured  the  first  year  af- 
ter breaking  up  the  sod  but  I  have  never  known  of  such  an 
instance  at  altitudes  over  six  thousand  feet  and  it  will  prob- 
ably never  pay  to  sow  the  seed  on  stiff  or  heavy  sod  which 
haB  not  been  plowed.  An  alfalfa  meadow  is  practically  per- 
manent and  will  well  repay  the  expense  of  preparing  the  soil 
and  sowing  the  seed  in  the  right  way.  If  a  piece  of  sod  land 
is  to  be  convert(Ki  into  an  alfalfa  field  it  should  be  plowed 
and  planted  to  oats  or  some  other  crop  the  first  year  or  two 
in  order  to  put  the  soil  into  the  right  physical  condition  for 
the  alfalfa  seed.  We  think  it  best  to  have  the  soil  somewhat 
compact  for  the  seed  and  find  it  better  not  to  sow  alfalfa  on 
newly  plowed  ground.  A  good  stand  of  plants  will  be  secur- 
ed with  more  certainty  on  land  which  has  been  fall  plowed 
or  on  stubble  which  is  merely  disk-harrowed  and  planked 
and  again  lightly  harrowed  to  form  a  thin  top  mulch  of  loose 
soil  which  will  prevent  the  rapid  loss  of  water  by  evapora- 
tion. In  case  it  is  desired  to  sow  alfalfa  on  land  which  is 
plowed  the  same  spring,  plowing  should  be  done  as  long 
before  sowing  as  possible,  and  the  newly  plowed  soil  may 
be  rolled  or  heavily  planked  to  compact  it  and  afterward 
lightly  harrowed  to  leave  the  surface  finely  pulverized.  On 
loose,  newly  plowed  land  there  is  danger  of  drilling  the  seed 
too  deep  and  the  crop  will  fail  because  the  &mall  seeds  are 
unable  to  push  out  of  the  ground. 

Young  alfalfa  plants  are  quite  tender  and  must  be  given 
no  rough  treatment  until  they  have  become  well  establish- 
ed. Should  the  soil  be  too  dry  to  germinate  the  seed  it  may 
be  irrigated  to  bring  the  plants  up  if  carefully  done  and  the 
land  does  not  slope  so  much  that  the  soil  will  wash  away. 
If  there  is  danger  of  the  soil  becoming  too  dry  to  germinate 


54  Wyoming  Experiment  Station. 

the  seed  and  support  the  plants  during  the  first  two  or  three 
weeks  of  growth,  irrigating  should  be  done  before  plowing 
the  land  and  the  moisture  saved  as  long  as  possible  by  har- 
rowing after  plowing  or  rolling  the  soil.  We  have  never 
failed  to  get  the  seed  to  come  up  without  irrigation  where 
sown  with  the  press  drill. 

While  alfalfa  has  the  power  to  take  nitrogen  frcnn  the 
air  and  will  grow  on  very  poor  land,  at  least  that  which  is 
poor  in  humus,  as  is  often  the  case  with  our  arid  soils,  we 
know  of  two  instances  on  the  Laramie  Plains  where  the 
young  plants  were  much  stronger  and  made  better  growth 
the  first  year  on  land  that  was  given  a  light  dressing  of  sta- 
ble manure.  Mr.  Webber  sowed  some  alfalfa  on  land  that 
had  been  manured  and  thinks  the  results  more  than  paid  the 
extra  expense.  On  the  Experiment  Farm  alfalfa  made  much 
stronger  growth  when  planted  on  land  that  was  fertilized 
with  twelve  loads  stable  manure  per  acre.  The  application 
of  manure  is  not  necessary,  but  where  for  any  reason  the 
struggle  to  become  established  is  unusually  great  and  such 
application  can  be  cheaply  made,  the  effect  in  producing 
strong  young  plants  may  well  repay  the  extra  trouble  and 
expense.  A  strong  point  in  favor  of  alfalfa  is  its  power  to 
grow  on,  and  improve  soils  wMch  have  been  worn  out  by 
other  cropping. 

WHEN  AND  HOW  TO  SOW  THE  SEED.— The  young 
plants  need  to  become  as  well  established  as  possible,  and 
have  time  to  throw  their  roots  deep  into  the  subsoil  for 
moisture,  before  going  through  the  long  winter.  To  enable 
them  to  do  so  the  seed  should  be  sown  in  the  spring  and  as 
early  as  danger  of  hard  frosts,  which  would  destroy  the 
young  plants,  is  past.  Another  advantage  of  sowing  early 
is  that  our  spring  months  are  our  months  of  greatest  mois- 
ture. Usually  enough  moisture  comes  to  the  land  by  rain 
to  secure  germination  and  provide  for  the  early  growth.   On 
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the  Laramie  Plains  the  seed  may  be  sown  any  time  in  May. 
As  the  seeds  germinate  quickly  it  is  probably  safer  to  sow 
after  the  tenth  of  May  than  before  that  date.  At  altitudes 
in  the  state  below  six  thousand  feet,  ApriJ  is  to  be  preferred, 
though  the  seed  may  be  sown  at  any  time  up  to  July. 

The  seed  should  be  sown  from  one-half  to  two  inches 
deep.  Because  of  the  danger  of  the  surface  drying  out  I 
think  it  advisable  to  plant  as  deep  as  may  be  done  with  safe- 
ty. This  will  vary  somewhat  with  the  kind  of  soil,  but  in 
general  if  planted  more  than  three  inches  deep  there  is  dan- 
ger that  the  germinating  plant  will  not  be  able  to  reach  the 
surface.  We  have  lost  our  seed  once  or  twice  by  planting 
too  deep. 

A  point  of  great  importance  is  that  the  soil  should  be 
packed  around  the  seed.  Many  failures  to  secure  a  stand  of 
alfalfa  are  traceable  to  sowing  the  seed  broadcast  on  newly 
plowed  ground  and  harrowing  to  mix  the  seed  loosely  with 
the  surface  soil.  Under  favorable  conditions  of  soil  and 
moisture,  alfalfa  may  be  so  grown,  but  sowing  broadcast  is 
hazardous  at  the  best.  Where  sown  broadcast  from  one-half 
to  one-third  more  seed  must  be  used  to  secure  the  same 
stand,  as  a  large  percent  of  it  is  either  not  covered  at  all  or 
so  lightly  covered  that  it  fails  to  grow.  Alfalfa  seed  has 
been  worth  from  six  dollars  to  twelve  dollars  per  hundred 
pounds  for  the  last  ten  years.  This  means  that  from  one- 
half  to  two  or  three  dollars'  worth  of  seed  is  thrown  away 
on  ea(*h  acre  of  land  where  sown  broadcast  and  harrowed  in. 
If  a  seed  drill  can  not  be  obtained,  and  it  is  necessary  to 
broadcast,  it  should  be  thoroughly  harrowed  in,  then  rolled 
and  lightly  harrowed  again.  Undoubtedly  the  best  machine 
for  sowing  alfalfa  (and  for  that  matter  any  other  small  seed 
in  our  soils),  is  some  form  of  the  press  drill  which  distributes 
the  seed  evenly  and  presses  the  soil  firmly  around  it.  Thus 
the  seed  is  planted  to  the  right  depth,  and  the  moisture  of 
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the  soil  is  brought  in  contact  with  it,  which  insures  grermin- 
ation  and  growth.  We  feel  that  too  much  can  not  be  said 
in  favor  of  the  press  drill.  If  a  ranchman  had  fifty  or  one 
hundred  acres  to  sow  to  alfalfa  or  if  he  sows  any  amount  of 
grain,  sixty  or  seventy  dollars  for  one  of  these  drills  would 
be  a  paying  inves.tment. 

At  the  start  it  is  well  to  expect  to  take  two  yearsi  to  get 
a  good  stand  of  alfalfa  and  bring  it  into  producing  condi- 
tion. The  second  spring  the  meadow  or  at  least  parts  of  it 
should  be  resown  unless  a  uniformly  good  stand  is  secui^ 
over  all  the  land  the  first  year. 

AMOUNT  OF  SEED.— The  amount  of  seed  to  sow  de- 
pends on  local  conditions,  the  kind  of  seed  purchasied  and 
the  pur|>ose  for  which  it  is  to  be  grown.  Two 
kinds  of  seed  may  be  obtained  on  the  market. 
First  quality  seed  should  be  heavy  and  plump, 
clean,  of  uniform  size  and  color.  "Second-'  is  lijrht- 
er  seed,  usually  obtained  from  fanning  and  scrK^n- 
ing  when  the  seed  is  threshed,  contains  much  under 
ripe,  green  colored,  shriveled  grain  and  may  not  be  fi*ee 
from  weed  seeds.  For  higher  altitudes  at  least  only  the 
best  seed  should  be  purchased.  Where  the  soil  and  climate 
are  mo«t  favorable  and  the  plants  be<'ome  sufficiently 
strong  to  withstand  weeds  during  the  summer  and  the  cold 
of  the  first  winter,  second  quality  seed  may  do  well  enough, 
though  it  is  always  safe  and  advisable  to  get  the  best. 
About  twice  as  much  seed  should  be  sown  where  the  crop 
is  to  be  raised  for  hay  sl»  would  be  used  if  it  is  Intended  to 
raise  seed.  We  doubt  if  it  will  pay  to  raise  alfalfa  seed  in 
Wyomrng  where  the  altitude  is  above  6,500  feet,  a^^  the  sea- 
son is  short  and  the  yield  of  ripened  seed  would  be  very 
small.    For  hay  we  believe  in  heavy  seeding. 

The  thicker  the  plants  are  on  the  ground  the  better 
the  vield  and  the  finer  will  be  the  stems,  which  makes  the 
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hay  of  better  quality.  T)ie  best  plat  of  alfalfa  raised  on 
the  Experiment  Farm  at  Laramie  was  sown  with  forty 
pounds  of  seed  per  acre.  Thi«  amount  is  exeeesive,  how- 
ever, and  more  than  need  be  sown  to  secure  the  best  re- 
sults. From  twenty-five  to  thirty  pounds  per  acre  should 
be  sown  the  first  year  and  if  the  stand  is  thin  five  or  ten 
pounds  may  be  sown  over  it  the  next  year.  Where  the 
growth  is  thick  in  some  places  and  thin  in  others,  only  the 
thin  spots  need  be  resown  the  second  year. 

SDWINCf  WITH  VS.  WITHOUT  NI^RSE-CROP.— A 

common  practice  is  to  sow  alfalfa  with  some  other  crop, 
usually  oats.  The  claim  has  been  made  that  the  young 
alfalfa  plants  are  shaded  and  protected  by  the  oats  so  they 
become  better  established  than  when  planted  alone,  and  of 
course  a  crop  of  oats  is  obtained  at  the  same  time.  Where 
alfalfa  is  planted  alone,  small  or  no  return  is  made 
from  the  land  the  first  season  after  planting. 
However,  the  nurse  crop  does  retard  the  growth 
of  the  alfalfa,  because  it  robs  the  small  plants  of  a  large 
amount  of  moisture  and  sunshine.  At  low  altitudes,  where 
alfalfa  is  jierfectly  hard>  and  will  make  a  crop  on  any  soil 
under  almost  any  kind  of  treatment,  it  may  be  planted 
with  light  seeding  of  oats,  barley  or  wheat.  Where  there 
is  any  difficulty  or  question  about  establishing  an  alfalfa 
ipcadow  the  nurse  crop  should  not  be  used.  To  determine 
the  effect  of  planting  with  or  without  a  nurseK*rop,  some 
experiments,  have  been  carried  out  at  Laramie.  In  1897 
a  plat  was  divided  in  two  parts,  one  of  which  was  sown  to 
alfalfa  with  a  nurscx'rop  of  oats  and  the  other  without  oats. 
Sixteen  pounds  of  alfalfa  seed  per  acre  was  used  on  each 
portion  of  the  plat.  Our  illustration  made  from  a  photo- 
grai>h  of  average  plants  taken  from  each  ])art  of  the  plai 
in  the  summer  shows  the  difference  in  growth  the  first 
season.    The  plants  were  more  thrifty,  larger  and  strong- 
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er  where  grown  alone.    Table  I  gives  the  results  in  yield 
per  acre  for  1898  and  1899. 

Table  I. — Alfalfa  with  and  without  Nurse  Crop,   Laramie. 
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c 

1 

without  Oats 

* 

_  4 

j:> 

>^C 
^} 

c 

1 

lbs 

e 
1 
fbs.   ' 

\      c 

c     1 

/OS. 

Sown 

Sown 

•  ft 

,    lbs 

!     /bs. 

/bt 

/^x. 

First  Crop  .   .   . 

July  14 

2557 

1 

4100  \ 

July  21 

259fi 

28fl6  , 

2576 

'Mt^ 

1«B 

Second  Crop  .   . 

Sept.  8 

2842 
Kim 

37i:i 

7813  , 

Sept.  11 

1040 

2040 
4896 

1    2391 

1 

2576 

»;i 

Total 

45»6 

4967 

6054 

eT74 

Gain 

1 

2414  i 

960 

1  •   •   •   • 

1087 

This  shows  that  the  effect  of  sowing  with  the  oats  was 
felt  by  the  alfalfa  for  three  years  after  planting  and  re- 
duced the  average  yield  over  one-half  ton  per  acre,  while  in 
the  two  seasons  nearly  one  and  one-half  tons  per  acre  more 
hay  was  obtained  from  the  plat  on  which  alfalfa  was  sown 
alone.  At  Laramie  prices  it  is  doubtful  if  the  oats  secur- 
ed would  be  worth  as  much  as  the  value  of  the  hay  from 
the  two  succeeding  crops  of  alfalfa,  and  they  certainly 
would  not  pay  if  the  injurious  effects  are  more  lasting  than 
this  in  the  alfalfa  meadow. 

In  1899  two  other  plats  were  planted  with  and  with- 
out a  crop  of  oats.  They  were  planted  June  15,  using 
about  twenty  pounds  of  alfalfa  seed  per  acre.  The  plat 
planted  without  oats  was  cut  on  September  11  and  yielded 
1,187  pounds  of  cured  hay  per  acre.  The  hay  contained  a 
little  volunteer  grain  and  there  was  an  occasional  stalk  of 
alfalfa  from  a  previous  seeding  which  increased  the  yield 
somewhat.    The  plat  sown  with  Cape  oats  was  harvested 
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August  18  and  yielded  2,778  pounds  of  straw  and  grain  per 
acre  from  which  was  threshed  792  pounds  of  oats. 
A  fine  stand  of  alfalfa  was  obtained  on  this  plat 
which  grew  from  one  to  two  inches  higher  than 
the  oat  stubble  in  the  fall.  There  was  not  so 
much  apparent  difference  in  the  growth  of  al- 
falfa  on  the  two  plats  as  noted  in  1897,  but  the  final  reeults 
can  not  be  reported  until  more  crops  of  alfalfa  can  be  har- 
vested.  It  should  be  said  that  the  Cape  oat  is  a  very  early 
variety  which  produces  short  straw  and  few  leaves.  It 
shades  the  alfalfa  mueh  less  than  the  coarser  strawed  va- 
rieties and  being  cut  early  gives  the  alfalfa  time  to  re- 
cover strong  growth  »in  the  fall.  It  is.  not  a  heavy  yielder 
but  is  very  early,  produces  a  short,  quick  growth  and  can 
be  recommended  for.  localities  with  short  season  and  for 
planting  with  alfalfa  where  it  is  desired  to  grow  it  with  a 
nurse  crop. 

WHEN  TO  CUT  AND  HOW  TO  CURE— Al- 
falfa  should  be  cut  when  budded  or  just  before  it  hag 
reached  full  bloom.  Experience  in  other  places 
shows  that  the  hay  contains  more  nutriment  at 
this  time  than  before  budding  or  after  blooming. 
If  allowed  to  go  to  seed  the  stems  become  coarse, 
hard  and  woody  and  lose  many  of  the  lower  leaves. 
After  cutting  the  plants  grow  rapidly  and  where  the  sea- 
son is  long  may  be  harvested  three  or  four  timee.  With 
short  seasons  above  six  thousand  feet  altitude  it  will  usual- 
ly not  be  cut  more  than  twice  and  on  the  Laramie  Plains 
only  the  first  cutting  produces  a  full  crop.  The  value  of 
the  hay  depends  much  on  the  method  and  care  used  in  cur- 
ing it.  Alfalfa  can  not  be  cured  the  way  native  hay  is  us- 
ually handled.  After  cutting  it  should  be  allowed  to  lie 
in  the  swath  only  long  enough  to  become  well  wilted,  when 
it  should  be  raked  into  windrows  where  it  mav  be  left  a 
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few  hours  or  a  day  before  putting  into  cocks.  Many  rake 
in  the  evening  what  was  cut  in  the  morning  of  the  same 
day.  It  should  not  be  left  long  enough  to  become  dry  ana 
brittle  or  many  of  the  leaves  will  rattle  off  in  raking,  wbich 
reduces  the  value  of  the  hay.  Many  use  the  rake  for  buDch- 
ing  the  hay  from  the  windrow,  but  it  leaves  the  hay  in  loose, 
rough,  tangled  masses  difficult  to  handle  or  manage  if  large, 
and  the  curing  is  not  so  well  done  as  when  the  hay  is  made 
into  cocks  with  the  fork.  T'nless  press  of  work  or  lack  of 
help  makes  it  necessary  to.  bunch  with  the  rake,  cocking 
the  hay  by  hand  with  the  fork  is  to  be  recommended.  The 
principal  part  of  the  curing  is  done  in  the  cock,  and 
when  well  done  thf  hay  does  not  lose  its  leaves,  retains  its 
beautiful  green  color,  and  will  not  must  or  spoil  in  the 
stack.  Rome  experience  and  good  curing  weather  are  nec- 
essary to  insure  the  hay  being  in  the  most  perfect  condi 
tion  when  it  comes  out  of  the  stack.  While  perfection  is 
difl8(^ult  to  attain  there  is  little  diflSculty  in  obtaining  a 
good  quality  of  hay. 

To  show  the  amount  of  water  lost  in  curing,  we  weighed 
the  hay  from  one  hundred  square  feet  on  acre  plat  8,  and 
again  weighed  it  when  fully  curt^  and  ready  to  go  into  the 
stack  in  1805.  The  yield  of  grt^n  hay  was  at  the  rate  of 
24,874  pounds  per  acre,  and  of  cured  hay  6,540  pounds  per 
acre,  showing  a  loss  of  7o.7  \}er  cent  in  weight  before  it 
w(»nt  into  the  stack.  Shrinking  undoubtedly  goes  on  for 
some  time  after  stacking. 

ALFALFA  AS  A  HAT  CROP. 

The  feeding  value  of  alfalfa  is  recognized  wherever  it 
has  been  grown.  Its  composition  and  digestibility  have 
bren  determined  in  many  place«i  and  its  nutritive  and  fat- 
tening qualities  have  been  demonstrat(»d  in  a  practical  way 


Alfalfa  as  a  Hay  Crop,  61 

in  every  land  since  the  Romans  fed  it  to  their  horses.  More 
study  of  its  value  compared  with  other  fodders  in  our  state 
will  give  more  complete  information  than  is  possible  for 
us  to  report  at  this  time.  We  know  something  of  its  value, 
limitations  and  management  from  our  own  experience.  The 
Station  has  carried  out  some  experiments  in  stock  feeding 
with  alfalfa  at  Lander.  The  results  of  our  first  feeding 
trials  there  with  cattle  and  sheep  are  reiK)rted  in  Bulletin 
No.  30  of  this  Station.  In  a  later  experiment  which  has 
not  yet  been  reported  <'0ws  were  fed  with  alfalfa  alone, 
with  the  best  timothy  hay,  and  with  timothy  and  alfalfa 
mixed.  Those  fed  alfalfa  alone  made  larger  gainis  than 
those  given  other  hay.  Some  trouble  was  experienced  with 
the  alfalfa  bloating  the  stock  when  allowed  to  eat  all  they 
would  of  the  hay.  Mr.  Meyer,  the  Superintendent,  attri- 
buted the  trouble  to  close  confinement  of  the  stock,  aa  he 
Lad  experienced  no  diflftculty  with  alfalfa  where  his  cattle 
could  exercise  in  the  open. 

The  tendency  of  cattle  and  sheep  to  bloat  on  alfalfa,  both 
ip  the  green  state  when  pastured  or  in  the  dry  state  when 
:lie  hav  is  carelesslv  fed  to  stock  not  accustomed  to  it,  is 
veil  understood  and  some  caution  and  judgment  must  be 
exercised  to  avoid  accidents  of  this  kind  which  may  result 
seriously.  The  writer  has  had  experience  in  feeding 
alfalfa  for  many  years  and  has  never  personally  observed 
a  serious  case  of  bloating  from  feeding  the  dry  hay.  How- 
ever we  have  known  of  others  losing  cows  from  such  bloat- 
ing but  undoubtedly,  in  every  case,  it  could  have  been  pre 
vented.  It  usuallv  occurs  when  animals  which  have  not 
been  accustomed  to  alfalfa  hay  are  fed  all  they  can  eat  of 
it  when  hungrj',  or  perhaps  when  both  hungry  and  thirsty, 
and  then  allowed  to  drink  freely  when  their  stomachs  are 
distended  with  hay.  Alfalfa  is  one  of  the  most  palatable 
fodders  and  animals  which  are  hungry  or  those  which  nat- 
-(5) 
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urally  have  greedy  appetites,  as  Jersey  cows,  will  gorge 
tbi'm&elves  with  it  if  allowed  to  do  so.  Such  animals 
shonld  be  fed  sparingly  until  they  become  used  to  the  diet, 
allowing  plenty  of  exercise.  If  the  animal  does  become 
seriously  bloated  from  eating  either  the  green  or  dry  al- 
falfa, the  timely  use  of  the  trocar  will  always  save  their 
lives.  There  is  some  difference  between  the  different  cut- 
tings  of  alfalfa  in  its  tendency  to  bloat  cows.  The  first  cut- 
ting is  considered  the  best  hay  for  horses  and  will  not 
bloat  cattle  as  readily  as  will  cuttings  made  later  in  the 
season,  though  many  now  prefer  second  or  third  cutting 
for  milch  cows.  At  Laramie  the  first  crop  will  cure  in 
much  shorter  time  than  is  required  for  the  last  cutting. 
The  plants  are  less  succulent  and  mature  better  in  the  first 
half  of  the  season. 

Poorly  matured  alfalfa  when  put  into  the  stack  too 
green  or  wet  will  become  musty  the  same  as  other  clovers. 
Feeding  this  hay  to  horses  gives  them  a  disease  which 
farmers  often  call  "heaves."  True  heaves  is  probably  due 
to  overfeeding  such  fodders  while  the  trouble  under  con- 
sideration is  undoubtedly  a  bronchial  affection  due  to  irri- 
tation produced  by  the  dust.  The  animals  soon  recover 
as  a  rule  when  the  dusty  hay  causing  it  is  replaced  by 
clean  food. 

Much  interest  i«  taken  in  the  subject  of  pasturing  al- 
falfa. Its  use  as  pasture  can  be  recommended  for  horses 
and  swine,  especially  for  the  last  named  animals.  The 
careful  farmer  who  gives  the  subject  intelligent  personal 
attention  may  succeed  in  pasturing  cattle  and  sheep  on  alfal- 
fa without  serious  losses  but  our  advice  is  to  never  use  such 
fields  for  cattle  and  sheep  pasture.  It  is  dangerous  to  the 
stock  and  injurious  to  the  alfalfa.  On  the  Laramie  Plains, 
and  no  doubt  the  statements  are  true  for  all  high  altitudes, 
at  least,  the  young  plants  are  not  strong  enough  to  stand 
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long  continued  pasturing  the  first  year  after  sowing  the 
seed,  and  we  believe  much  tramping  injurious  at  any  time. 
The  alfalfa  field  has  a  hay  producing  power  which  gives  it 
a  value  sufficiently  great  without  trying  to  overdo  the  mat- 
ter by  pasturing  it  the  remainder  of  the  year.  If  cattle 
are  allowed  access  to  the  growing  alfalfa,  however,  it  should 
be  remembered  that  danger  of  bloating  is  especially  great 
when  the  s:ock  is  first  turned  in  the  meadow,  when  the  dew 
is  on  the  plants,  or  during  wet  weather,  or  when  the  plants 
have  been  frosted.  The  farmer  who  takes  these  risks  should 
ever  have  his  trocar  or  sharp  knife  ready  to  save  the  life 
of  his  animals  by  puncturing  the  stomach  to  let  out  the 
accumulated  gas.  The  difficulties  we  have  mentioned  are 
such  as  are  experienced  in  Eastern  states  with  clovers. 
They  may  be  overcome  by  proper  care  and  management 
and  should  not  deter  the  farmer  from  growing  and  making 
profitable  use  of  this  plant. 


TIELDS  OF  ALFALFA  OBTAINED  IN  CROPPING 

EXPERIMENTS. 

• 

The  yields  we  have  obtained  on  the  Experiment  Farms 
will  indicate  the  cropping  qualities  of  alfalfa  in  the  locali- 
ties where  it  has  been  grown.  The  yield  of  hay  produced 
at  Laramie  is  of  especial  interest,  as  it  shows  the  advan- 
tage of  alfalfa  over  native  hay  at  this  altitude.  It  should 
be  said  that  native  grass  will  probably  not  produce  an  av- 
erage of  more  than  a  ton  of  cured  hay  per  acre,  though  it 
may  yield  as  much  as  two  tons  or  more  in  favored  locali- 
ties. Often  the  amount  obtained  is  only  a  fraction  of  a 
ton  per  acre.  One  year  on  the  Experiment  Farm  we  ob- 
tained as  much  hay  from  a  single  acre  of  alfalfa  as  was 
produced  on  thirty  acres  of  irrigated  native  meadow  on  an 
adjoining  field.  The  native  meadow  here  referred  to  was 
a  very  poor  one  and  not  worth  cutting,  but  such  results  are 
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often  obtained  the  fir»t  year  or  two  after  irrigating  to  make 
them  produce  hay.  That  an  idea  of  our  average  results 
may  be  obtained  we  report  the  yields  fi'Oiii  each  field  sep- 
arately and  of  each  cutting  for  the  number  of  seasons  the 
alfalfa  has  been  grown. 

Table  II. — Acre  Plat  8.     Alfaifa  at  Liiramie.     Area,  0.^2  acre. 


Year 

--  -t 
First  Crop 

Second  Crop 

Total 

Yield 

per  Acre 

Date 
Harvested 

Yield 
per  Acre 

1        Date 
Harvested 

Yield 
per  acre 

1895 

189a 

1897  .. 

1898 

Aug.  6 
Jury  7 
July  16 
July  14 

/fis. 

5019 
1541* 
3860 
4759 

Sept.  24 
Sept.  8 
Sept.  9 
Sept.  8 

/61.        1 

2557 
3040 
3860 
3909 

.7576 
4681 
77?0 
8688 

Average  yield  per  acre.  .   . 

3820 

3341 

7161 

•Only  partial  crop,  as  it  was  injured  by  hall. 

Acre  plat  8  was  planted  in  1898  but  failed  to  make  a 
stand.  Was  given  12  loads  manure  i>er  acre  in  winter, 
plowed  up  in  spring  of  1894  and  resown  at  the  I'ate  of  40 
pounds  seed  per  acre.  Crop  produced  in  1894,  first  year, 
from  seed,  was  1967  pounds  per  acre.  For  irrigation  of  this 
plat,  see  No.  2  in  Table  XV,  on  Duty  of  Water,  Page  8(). 

Table  III. — Acre  Piat  iS.     Alfalfa  at  Laramie, 


Area,  0.96  acre 

Year 

• 

Fisrt  Crop 

1 

Second  Crop 

Total 
i      Yield 
per  Acre 

Date 
Harvested 

Yield 
per  Acre 

Date               Yield 
;  Harvesied        per  Acre 

! 

i«07 

July  Irt           ini:t 

ths. 
Sept.  9              2587 
Aug.  31             3182 
Sept.  11             1273 

lbs 
4100 

189« 

July  8 
July  24 

24ao 

7047 

18J9 •  . 

3703 

Average  yield.  . 

2603 

2347 

4950 

1 

riat  18  was  planted  in  sprini?  of  1896  at  the  i*ate  of  30 
pounds  of  seed  per  acre.     The  alfalfa  made  only  a  short 
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growth  the  first  8eajK)n,  but  was  cut  in  the  fall,  largely  to 
remove  the  w^eds  which  had  grown  with  it.  As  it  consist- 
ed largely  of  weeds,  the  hay  was  not  weighed  to  obtain  the 
yield. 

Table  IV. — Acre  Plat  2j,     Aljaifa  at  Liiramie. 


/ 

Lrea,  0  5  acre 

• 

1 

Year. 

First  Crop 

i 

Second  Crop 

Total 

Yield 

per  Acre 

Date 
Harvested 

Yield 
pel  Acre 

Pate 
Harvested 

Yield 
per  Acre 

1898 

ItVsf 

July  18 
July  24 

lbs. 

484M 
H502 

Sept.  8 
Sept.  11 

lbs. 
29K5 
2704 

lbs. 

7.s.3:i 

Average  yield 

4175           

3844 

7011) 

Plat  27  was  planted  in  1897  at  the  rate  of  18  pounds 
seed  per  acre,  with  nurse  crop  of  oats.  On  May  12.  1898,  a 
few  thin  spots  were  resoWn. 

Table  V. — East  Field,     Alfalfa  at  Laramie, 

Area,  3.87  acres. 


First  Crop 


Second  Crop 


Year 


Date 
Harvested 


lfe98 July  15-16 

1899 July  19 


Yield 
per  Acre 


lbs. 

389*       '     Sept.  9 
3005        ,|     Sept.  13 


lbs. 
1132 
2314 


Total 

Yield 

per  Acre 


lbs. 
5319 


•About  one-fourth  of  the  field  cut.  The  rest  was  from  the  same 
season's  plantlngr  and  too  small  to  harvest.  This  yield  is  based  on  en- 
tire area  of  field   sown. 

The  ea»t  field  was  planted  in  1897  at  the  rate  of  20.6 
pounds  of  seed  per  acre.  It  was  sown  with  nurse  crop  of 
oats.  Only  a  part  of  it  K^ew,  and  nearly  all  of  the  plat  was 
resown  in  1898,  using  at  the  rate  of  20  ]K)unds  of  seed  per 
acre. 
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Acre  Plat  16. — Alfalfa  at  Laramie — Turkestan  and 
common  form.    For  report  see  Table  XIII,  Page  72. 

Acre  Plat  15. — Alfalfa  at  Laramie,  sown  with  and  with- 
out nurse  crop.    For  report  of  yields,  sec  Table  I,  Page  58. 

Acre  Plat  2. — Alfalfa  at  Laramie — On  alkali  ground. 
For  report  of  yields,  see  Table  XIV,  Page  75. 

'  Acre  Plat  17. — Alfalfa  at  Laramie.  North  part  of  plat, 
area  0.70  acre,  planted  June  15,  1899,  at  rate  of  20  pounds 
seed  per  acre,  without  nurse  crop;  was  cut  Sept.  11  and 
yielded  at  the  rate  of  1187  pounds  hay  per  acre.  The  plants 
did  not  make  a  large  growth,  but  contained  some  volunteer 
grain  and  an  occasional  plant  of  old  alfalfa,  which  increased 
the  yield  somewhat. 

Acre  Plat  17. — South  part  of  plat,  area  0.25  acre,  was 
plantt^d  May  12,  1899  at  rate  of  20  pounds  seed  per  acre, 
with  a  nui^se  crop  of  oats.  The  oats  were  harvested  Aug.  18, 
after  which  the  alfalfa  grew  from  one  to  two  inches  higher 
than  the  oat  stubble.  A  good  stand  of  alfalfa  was  secured 
on  both  parts  of  the  plat. 

Acre  Plat  33. — Alfalfa  at  I^u-amie.     Area,  0.46  acre. 
PlanttMl  in  spring  of  1899  by  drilling  with  timothy  on  stub- 
ble ground.    The  timothy  failiMi  to  grow.    The  alfalfa  made 
good  growth  for  the  first  season.     It  was  cut  on  Sept.  U 
,and  yielded  at  the  rate  of  1766  pounds  per  acre. 

Alfalfa  on  new  sod  land,  Laramie. — Area,  5.4  acres. 
Planted  in  spring  of  1899  at  the  rate  of  18  pounds  seed  per 
acre  with  38  pounds  oats  per  acre.  A  good  stand  of  alfalfa 
was  stH^ured,  but  it  did  not  make  large  growth. 

ALFALFA  CKOPS  AT  ALTITl^DES  BELOW  6,000 
FEET. — We  have  a  few  records  of  alfalfa  yields  at 
Lander,  Shendan  and  Wheatland,  where  sub-station 
farms  were  located.  In  1895  I  examined  the  alfalfa  at 
Sundance,  which  has  been  planted  since  the  experiment 
farm    was   established    in  1891.     The   plants    were  small, 
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weak  and  thinly  scattered,  having  more  the  appear- 
ance of  the  first  year's  growth  than  of  having  been  estab- 
lished four  or  five  years.  The  Sundance  farm  depends  on 
the  rainfall,  which  ranges  from  17  to  20  inches  per  year.  It 
is  doubtful  if  alfalfa  will  succeed  in  that  region. 

The  following  tables  give  the  results  at  Lander  of 
which  we  have  reports.  The  Lander  farm  is  located  at  an 
altitude  of  about  5,500  feet. 

Table  VI. — Acr^  Plat  43.     Alfalfa  at  Lander. 

Planted  in  1891. 


Year. 


1892 
1894 


First  Crop 


Date 
Harvested 


1895 Sept.  28* 


Aug.  8 
July  17 
Oct.  1 


Yield 
per  Acre 


lbs. 


aooo 

Cut  for  seed. 
Cut  for  seed. 


Second  Crop 


Date 
Harvested 


Yield 
per  Acre 


Oct.  5 
Sept.  13 
yield  312  lbs 
yield  240  lbs 


lbs. 


4000 
seed  per  acre 
seed  per  acre 


ToUl 

Yield 

per  Acre 


lbs: 

8000 
7000 


*The  plat  was  accidentally  Irrigated  on  Ausrust  20,  whicli  caused  a 
second  growth  of  seed  that  did  not  ripen  and  reduced  the  yield. 


Table  VII.— -4^r^  Plat  8.     Alfalfa  at  Lander 

*  Planted  May  15,  1893. 


Year 

First  Crop 

1 

1 

Second  Crop 

ToUl 
Yield 
per  Acre 

• 

Date 
Harvested 

Yield 
per  Acre 

Date 

Harvested 

Yield 
per  Acre 

lbs. 

1893 

Sept.  12 

lbs. 
1000 
a'KJO 
5000        j 

lbs. 

1894 

'  Septl  11  ' 

1500* 
3001) 

1885 

Julys 

8000 

•This  crop  was  badly  Injured  by  the  Utah  crickets,  which  de- 
voured  everything  In   their  path. 

SHERIDAN.— The  Sheridan  farm  is  located  at  an  al- 
titude of  about  4,000  feet.  The  soil  is  clay  underlaid  with 
hard  pan,  but  alfalfa  makes  remarkable  growth  and  yields. 


68 


Wyoming  Experiment  Station. 


No  doubt  it  will  do  better  on  other  farms  near  t^heridan 
where  the  soil  is  deeper.  We  have  but  few  reports  of  crops 
raised.  In  1896,  acre  plat  5  was  planted  to  alfalfa.  It  was 
cut  August  1  to  kill  the  weeds,  and  Sept.  10  the  first  year  it 
yielded  1200  pounds  per  acre.  In  1897,  on  June  21.  3700 
pounds  of  hay  per  acre  were  obtained,  but  no  other  reports 
were  made  on  the  plat.  The  following  table  gives  the  re- 
sults on  the  only  other  field  reported. 

Table  VUL-^Acre  Plat  jo.     Alfalfa  at  Sheridan, 

Planted  May  24.  1894. 


3 

> 

• 

Firtt  Crop 

Second  Croo 

1 
Third  Crop 

Total 

Yield 

Date 

Yield 

Date 

Yield 

Date 

Yield 

1 

18(>4. 

Aug.  2* 
June  26 
June  25 
June  20 

lbs. 

•      •              •      •      • 

6800 
64:« 

Sept.  24 
Aug.  21 
Aug.  10 
Aug.  11 

lbs. 
1500 

1  .....   • 

lbs.        \ 
I 

Ih- 

1895. 

1 

1 

106UO 

1896. 
1897. 

6000 
6200        ' 

Sept.  i^ 
Oct.  3 

4000        \ 
1800        , 

IfitOO 

:    144:10 

1 

•Cut  to  kill  the  weeds. 


WHEATLAND.— The  sub-station  farm  at  Wheatland 
was  located  at  an  altitude  of  about  4,700  feet.  The  soil  is  a 
deep  sandy  loam  and  the  season  i«  long.  Theialfalfa  is  usu- 
ally cut  three  times  and  large  yields  are  secured.  Several 
fields  of  alfalfa  were  grown  to  improve  the  land  for  other 
crops,  usually  being  plowed  under  when  green,  the  fall  of 
the  year  it  was  planted.  In  1895,  Plat  1  was  sown  with  al- 
falfa for  the  purpose  of  plowing  under  as  a  green  manure. 
It  made  such  rapid  growth  that  it  was  harvested  on  July 
22  and  yielded  2,400  pounds  hay  per  acre.  The  second  crop 
was  plowed  under.  The  same  year,  1895,  Plat  2  was  treated 
in  the  same  manner.  The  first  crop  yielded  2,540  pounds 
per  acre.  Plats  7,  8  and  9  were  treated  the  same  and  yielded 
at  the  first  cutting  2,100  pounds,  2,600  pounds  and  2.45(» 
pounds  per  acre,  respectively.     The  following  tables  give 
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the  results  with  fields  on  which  the  alfalfa  was  allowed  to 
grow  more  than  one  year: 


Table  IX.^Acr^  Plat  rg.     Alfalfa  at  Wheatland. 

Planted  June.  1801. 


Ye»r 


1892 

1803 

18W 

1895 

1896 

Average,  first  3  yrs 


First  Crop 


Date 


Yield 


Second  Crop 


Date 


July  6 
July  5 
June  23 
Cut  for 
Lett  for 


lbs 
OiOO 
6680 
8000 
seed,  yield 
seed 


Aug.  3 

Aug.  9 

Aug.  6 

181  pounds 

but  was 


TXWO 


Third  Crop 


Yield 

lbs. 

5400 

4872 

7000 
seed  per 
injured  by 

5757 


Date 


Yield 


1  Sept.  26 
[  Sept.  16 
I  Sept.  17 
j  acre. 
hAil  June 


lbs. 
3850 
4200 
4352 


21st. 


4134 


Total 

Yield 

per  Acre 


lbs. 
15750 
15752 
19:{52 


16951 


Table  X  — Acre  Plat  r2.     Alfalfa  at  Wheatland, 

Planted  in  1894. 


Year 


First  Crop 


Second  Crop 


Third  Crop 


Date 


1H95 
1806 


June  28 
June  18 


Yield 

Date 

Yield       ;      Date 

lbs. 
7832 
5880 

Aug.  16 
Aug.  3 

lbs. 

7620         Sept.  18 
4500                • 

Yield 


lbs. 
4950 


Total 
Yield 
n  per  Acre 


lbs. 
20402 
103M0 


•Owing  to  shortage  of  water  for  Irrigation   In  1896,   only   two  crops 
were  obtained. 


Table  XI. — Acre  Plat  17,     Alfalfa  at  Wheatland. 

Planted  in  1894. 


Year 

First  Crop 

Second  Crop 

1 

Third  Crop 

Total 
1    Yield 
per 

Date 

Yield     ' 

Date 

Yield 

Date 

Yield 

Acre 

1895.   .....      June  28 

1896 June  20 

lbs. 
4312 
6720 

Aug.  16 
July  29 

lbs. 
4500 
4750 

Sept.  18 

« 

lbs. 
2540 

lbs. 

113.52 

11470 

•No  third  crop  reported,  probably   for   same   reason   as   that   given 
under  Acre   Plat;   12. 
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Table  XW.—Acre  Plat  26.     Alfalfa  at  Wheatland, 

Planted  in  1892.  (?) 


Year 


First  Crop 


Date 


Yield 


1H93.    .....  •    July  6 

1894 I        • 

lst6 June  38 


lbs. 


5214 


Second  Crop 


Date 


Aug  9 
Left  for 
Left  ft}r 


Yield 


ibs. 

4112 
seed.  Pro 
seed.** 


Third  Crop 


Date 


Sept.  16 
duced  122 


Yield 


lbs. 

aooo 

lbs   seed 


Toul 
Yield 

Acre 


lbs. 
10634 
I  per  acre. 


*Flr8t  crop  destroyed  by  army  worms.  (Species  not  known.) 

•♦After  first  cuttinsr  was  left  for  seed.     At  time  of  frost,  on  Sept 
21,  about  one-half  the  seed  was  mature.    The  crop  was  not  harvested. 


tUBEESTAN  ALFALFA. 

{Medicago  saliva  Turkestanica,) 

The  seed*  of  this  new  variety  of  alfalfa  was  imported 
by  the  U.  S.  I>epartinent  of  Agriculture  and  a  small  amount 
was  sent  to  this  Station  for  trial  in  the  spring  of  1895  A 
small  plat  12x99  feet  was  planted  with  it,  by  sowing  broad- 
cast, the  first  week  in  June.  Two  pounds  of  seed  were 
used  on  the  plat.  It  came  up  June  10th,  making  a  thick 
stand,  and  made  a  growth  of  about  four  inches  the  first  sea- 
son. Little  attention  was  given  the  crop  in  1896  and  the 
yield  of  the  single  cutting  made  was  very  small.  The  crop 
looked  promising  in  1897  and  was  left  to  grow  as  long  as 
possible  with  the  hope  that  it  would  ripen  seed.  It  was 
planted  so  thickly,  however,  that  the  seed  failed  to  ripen.** 

It  was  not  cut  till  aftei  frost  had  stopped  its  growth 
and  the  yield  obtained  was  only  ordinary  for  a  single  cut- 

•Since  the  Secretary  of  Agriculture  reported  our  success  with  Tur- 
kestan alfalfa  we  are  receiving  many  inquiries  for  the  seed  from  farm- 
ers all  over  the  United  States.  The  seed  can  not  be  obtained  in  this 
country,  as  no  one  has  yet  raised  it  for  market.  Prof.  Jared  Q.  Smith  of 
the  Division  of  Botany,  in  the  U.  S.  Department  of  Afirrlculture,  has  told 
vnc  that  the  Department  is  making  an  attempt  to  import  more  of  this 
sf^ed  for  distribution  in  small  amounts. 

**Mr.  A.  H.  Danielson,  an  assistant  in  this  department,  who  was 
then  an  agricultural  siudent  In  the  University,  was  fflven  a  small  hand- 
ful of  the  seed  which  was  furnished  us  by  the  Department.  He  took  xi 
home  and  threw  it  in  the  back  yard.  It  came  up  and  has  since  ripened 
a  little  seed,  which  he  has  kindly  offered  us.  with  It  we  hope  to  malE» 
A  thin  plantlnsr  which  will  produce  more  of  the  seed  for  future  use. 
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ting.  If  it  had  been  cut  twice  or  earlier  in  the  seaBon  the 
vield  would  undoubtedly  have  been  much  better.  Some 
botanists  have  claimed  that  the  Turkestan  alfalfa  differs 
from  the  species  in  having  more  hairy  leaves  and  making 
smaller  growth,  but  we  have  been  unable  to  detect  any 
botanical  difference  whatever.  A  stem  of  each  variety  was 
shown  a  Botanist  who  thought  he  knew  the  difference  and 
he  was  unable  to  say  which  was  common  alfalfa  and  which 
the  new  variety.  Its  growth  appeared  the  same  to  us  and 
we  gave  it  little  attention  until  the  severe  winter  of  1898- 
99  put  it  to  the  test.  On  all  parts  of  the  farm  plats  of  al- 
falfa showed  more  or  less  wint^  killing,  but  to  all  appear- 
ances not  a  single  plant  of  the  Turkestan  variety  had  been 
killed.  We  find  that  it  has  also  shown  its  hardiness. in  oth- 
er places  and  we  no  longer  doubt  its  superior  cropping  qual- 
ities. Not  only  does  it  seem  to  be  hardier  but  under  our 
conditions  it  has  produced  larger  yields  than  the  old  varie- 
ty, when  planted  side  by  side,  and  given  the  bame  treat- 
ment, in  time  and  amount  of  irrigation  and  method  of 
handling.  Its  difference  from  the  common  form  seems  to 
be  in  constitution  and  hardiness  or  from  favorable  results 
due  xo  change  of  seed.  No  doubt  both  of  these  conditions 
have  their  influence  on  its  success  in  this  country  and  gives 
the  variety  greater  value,  e»i)ecially  for  our  high  altitude. 

Our  results  with  Turkestan  alfalfa  are  given  in  Table 
13,  in  which  we  have  also  compared  the  crops  produced 
from  a  plat  of  the  ordinary  form  which  was  planted  near 
it  for  comparison.  Averaging  the  results  for  the  last  two 
seasons,  1898  and  1899,  when  they  have  been  cut  for  hay 
apd  cured  alike,  shows  the  superior  cropping  qualities  o^ 
the  new  variety,  which  produced  over  three-fourths  of  a  ton 
more  hay  per  acre.  For  amounts  of  water  used  on  these 
plats  in  irrigating  in  1899,  see  No.  10  in  Table  XV,  Page  80, 
on  Duty  of  Water. 
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WINTER  KILLINQ  OF  ALFALFA. 

Only  general  statements  will  be  made  here  regarding 
the  killing  of  alfalfa  plants  during  the  winter.  So  far  as 
we  have  observed,  the  trouble  is  no  more  apt  to  occur  at 
high  altitudes  on  the  Laramie  Plains  than  it  is  at  lower 
altitudes  in  other  parts  of  the  state.  The  trouble  reported 
from  Wheatland  and  other  localities  has  been  more  exten- 
sive than  any  we  have  experienced  at  Laramie. 

Little  is  positively  known  of  the  cause  of  winter  kill- 
ing of  alfalfa.  Apparently  it  is  due  to  hard  freezing  when 
the  gix)und  is  very  wet.  If  water  is  run  on  the  plants  just 
before  hard  freezing  there  is  danger  that  they  may  be  kill- 
ed. In  places  where  heavy  snow  fall  melts  during  the  day, 
and  the  sui-face  of  the  soil  becomes  thawed  out,  so  the  wa- 
ter runs  into  the  soil  around  the  crown  of  the  plant  and 
freezes,  the  alfalfa  crown  will  die  and  will  be  found  in  the 
spring  in  a  soft,  mushy  or  decayed  condition.  Ice  may  form 
over  the  alfalfa,  or  snow  cover  it  all  winter  without  injury 
to  it,  but  if  ice  does  no  damage  it  is  probably  due  to  the 
ground  being  frozen  before  the  ice  is  formed  over  the  sur- 
face and  the  crowns  of  the  plants,  which  are  usually  below 
the  soil  surface,  do  not  come  directly  into  contact  with 
freezing  water.  In  the  opinion  of  the  writer  winter  kill- 
ing is  generally  due  to  free  water  freezing  around  the  crown 
of  the  plant.  Whether  the  freezing  of  the  water  in  the 
plants  ruptures  the  cells  or  not  has  not  been  determined. 
During  dry,  open  winters  little  or  no  alfalfa  which  has  been 
growing  long  enough  to  become  well  established  is  lost 
unless  it  be  in  low,  wet  places.  As  shown  elsewhere  in  this 
bulletin,  the  Turkestan  alfalfa  seems  better  able  to  live  un- 
der adverse  conditions  than  the  form  commonly  grown, 
but  with  proper  precaution  in  locating  the  alfalfa  field  and 
care  in  handling  it,  winter  killing  is  not  a  serious  trouble 
with  us.    The  spring  of  1899,  after  the  unusually  hard  win- 
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ter,  was  the  only  time  we  have  observed  any  extensive  win- 
ter killing  on  the  Experiment  Farm.  The  writer's  opinion 
in  regard  to  its  cause  is  the  result  of  studying  these  in- 
stances along  with  observations  in  other  places. 

ALFALFA  AND  ALKALI  SOILS. 

Alfalfa  is  one  of  the  most  valuable  plants  to  sow  on 
low  parts  of  the  farm  which  may  become  useless  through 
the  rise  of  alkali  from  below,  at  least  if  this  land  has  such 
drainage  that  the  free  ground  water  does  not  stand  nearer 
than  two  or  three  feet  from  the  surface.  Alfalfa  stands 
the  white  alkali  comparatively  well,  shades  the  ground, 
which  prevents  rapid  evaporation  from  the  soil  surface,  and 
sends  its  roots  deep  into  the  lower  soil  to  feed.  We  have 
reported  on  the  germination  and  growth  of  alfalfa  in  sever- 
al experiments  which  indicate  its  usefulness  for  such 
soils.*  It  is  true,  however,  that  in  places  which  accumu- 
late large  amounts  of  alkali  the  free  soil  water  usually 
comes  near  the  surface  for  a  part  of  the  year  at  least. 
Whether  the  soil  water  contains  alkali  salts  in  solution  or 
not,  if  it  stands  near  the  surface  alfalfa  will  soon  die,  and 
much  less  salt  evidently  has  deleterious  effect  in  such 
places. 

In  1897  we  planted  alfalfa  on  an  acre  of  land  which 
was  near  that  already  destroyed  for  ordinary  crops  bj;  the 
rise  of  salts  to  the  surface.  A  part  of  the  land  had  failed 
to  grow  a  crop  of  oats  planted  with  the  alfalfa  as  a  nurse 
crop,  and  where  the  oats  had  failed  to  grow  the  alfalfa 
had  a  sickly  appearance.  A  good  stand  of  alfalfa  was  se- 
cured. In  1898  the  acre  vielded  two  and  three-fourths  tons 
of  hay.  On  the  lower  part  of  the  plat  the  alfalfa  began  to 
die  that  year  and  nearly  one-half  the  total  area  has  become 
unproductive.    The  yield  of  hay  in  1899  fell  to  a  little  over 

•See   Bulletins   Nos.    29   and  39,  and  Ninth  Annual  Report,  Wyoming 
Experimen't    Station. 
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one   and  one-half  tons.     The   following   table  gives  the 
crops  produced  on  this  land : 

Table  XIV. — Acr^  Plat  2,     Alfalfa  on  Alkali  Land.     Laramie, 

Area  .96  acre. 


» 

First  Crop 

Second  Crop 

Toul 

Yield 

per  Acre 

Year 

Date 
Harvested 

1 

Yield 
per  Acre 

1 

Date 
Harvested 

Yield 
per  Acre 

IfiOg           

July  14 
July  20 

lbs. 
3156 
IKW 

Sept.  8 
Sept.  12 

Ibi. 
2356 
IXtt 

lbs. 
5512 

l«cn>            

318H 

Averas?c  vicld  for  two  years  . 

2504        1 

' 

1845 

4350 

1 

Acre  plat  2  was  planted  in  the  spring  of  1897  at  rate  of 
16  pounds  seed  per  acre,  with  a  nurse  crop  of  oats.  On  May 
lly  1898,  the  entire  plat  was  resown.  From  one-third  to 
one-half  the  entire  plat  has  become  unproductive  through 
the  killing  of  the  plants  by  alkali,  but  above  yields  are 
taken  for  the  area  of  the  land  sown.  For  irrigation  of  this 
plat  in  1899,  see  No.  9,  in  Table  XV,  Duty  of  Water,  on 
Page  80. 

Professor  Slosson  has  kindly  analyzed  four  samples 
of  soil  taken  from  this  plat  to  show  the  strength  of  alkali 
which  has  killed  the  alfalfa  and  the  strength  of  salts  ii> 
the  part  of  the  plat  on  which  the  plants  are  still  in  a  thrifty 
condition. 

The  following  amount  of  salts  were  found  in  the  sam- 
ples taken : 


• 

Percent. 

Percent  of 
Sodium  Chloride. 

Alfalfa  Killed. 
Total  salts  in  first  six  inches  of  soil 

0.620 
0.792 

0.034 
0.270 

0-029 

Total  sails  in  soil  finom  six  inches  to  one  toot  deep  .  . 

Alfalfa  Thrifty. 
Total  salts  in  first  six  inches  of  soil ...       '   '   .   .    . 
Total  salts  in  soil  from  six  inches  to  one  foot  deep  .  . 

0.053 

0.000 
0.003 

• 
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The  Sodium  Chloride  is  reported  sepai-ately,  as  it  h 
rnoi^  injurious  than  the  sulphates,  which  probably  make 
up  about  three-fourths  of  the  total  salts.*  The  result  prob- 
ably corresponds  closely  to  the  estimate  made  in  Bulletin 
No.  39  of  this  station,**  in  which  we  expressed  the  belief 
that  alfalfa  would  grow  in  the  presence  of  as  much  as  one 
per  cent  of  our  ordinary  white  alkali  (Sulphate  of  Soda  and 
Magnesia)  in  two  inches  of  surface  soil,  providing  the  water 
level  is  not  nearer  the  surface  than  two  or  three  feet.  We 
suspect  the  water  level  is  dangerously  near  the  surface  in 
the  aboA-e  plat  during  a  portion  of  the  irrigating  season, 
and  has  had  its  influence  in  destroying  the  plants  which 
have  died. 

It  is  very  doubtful  if  alfalfa  will  grow  on  any  land  up- 
on which  there  is  a  white  incrustation  of  salts  during  any 
part  of  the  year,  unless  the  drainage  is  such  that  the  salts 
may  be  washed  out  by  flooding  with  irrigation  water.  Soil 
which  becomes  incrusted  with  salts  is  too  strong  with  al- 
kali for  any  plants  except  the  moat  resistent  species,  and 
our  experience  indicates  that  it  should  never  be  selei»ted 
for  the  production  of  an  alfalfa  meadow.  In  many  places 
on  the  Laramie  Plains  there  are  soils  which  are  either  too 
wet  or  contain  too  much  alkali  for  alfalfa  and  it  is  hoped 
calling  attention  to  the  matter  here  will  prevent  many 
farmers  from  the  loss  of  labor  and  seed  by  attempting  to 
jri'ow  it  in  such  places. 

IBBIQATION  OF  ALFALFA. 

Although  alfalfa  is  so  hardy  and  will  live  through  long 
])eriods  of  drouth  it  will  not  produce  hay  unless  irrigated. 
It  is  of  vital  importance  to  apply  water  at  the  right  time 
and  conduct  the  imgation  in  the  right  way.     Flooding  as 

•For  composition  of  alkali  from  this  portion  of  our  farm  according 
to  previous  analyses,   see  Bulletin    No.    29,    pB.ge  223. 
••Wyoming  Station   Bulletin  No.  39,  page  4^. 
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the  native  meadows  are  Hooded  for  long  periods  of  time  is 

much  more  quickly  fatal  to  alfalfa  than  it  is  to  our  best 
native  grasses.  It  will  not  do  to  turn  the  water  on  and 
look  at  it  once  a  week  to  see  that  it  is  still  running.  Alfalfa 
soon  dies  if  its  feet  are  kept  wet,  and  it  needs  long  breath- 
ing spells  and  warm  growing  weather.  Where  the  irrigat- 
ing water  is  cold  it  pi^oduces  a  chilling  effect,  and  the  ir- 
rigation should  be  done  quickly  and  the  water  turned  off 
as  soon  as  the  ground  has  become  thoroughly  wet.  The 
best  time  to  irrigate  alfalfa  is  immediately  after  the  hay 
has  been  removed.  Some  irrigate  just  before  the  hay  is 
cut,  but  our  observations  indicate  that  much  better  results 
are  obtained  by  irrigating  after  cutting.  If  the  weather 
is  very  dry,  light  irrigations  may  be  needed  between  the 
cuttings.  We  believe  in  irrigating  Wn  the  fall,  some  time 
after  the  last  cutting  has  been  made,  to  keep  the  soil  from 
becoming  too  dry  during  the  winter.  It  should  not  be  done 
so  late,  however,  that  the  ground  is  apt  to  freeze  hard  while 
very  wet,  as  this  seems  to  be  the  principal  cause  of  winter 
killing.  Too  much  water  is  fatal  either  in  the  summer  or 
winter.  On  the  Experiment  Farm  one  season  we  irrigated 
one-half  of  a  field  of  alfalfa  as  late  as  October,  leaving  the 
other  half  without  water.  The  part  irrigated  started  earli- 
er the  next  spring  and  up  to  the  time  of  the  first  cutting 
the  dividing  line  between  that  which  had  not  been  irrigat- 
ed and  that  which  was  watered  late  in  the  fall  was  dis 
tinctly  visible,  as  the  hay  grew  two  or  three  inches  higher 
on  the  fall  irrigated  jK)rtion. 

DUTY  OF  WATER  ON  ALFALFA.— By  duty  of  wa 
ter  we  mean  the  amount  which  is  used  on  the  land.  Alfal- 
fa is  a  perennial  plant  which  occupies  the  land  all  the  time. 
Its  growing  season  is  long  and  that  it  requires  a  propor- 
tionally large  amount  of  water  would  be  expected.  Table 
XV  gives  the  results  of  fifteen  measurements  of  water  on 
-(6) 
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alfalfa  made  by  the  Experiment  Station.  All  these  meas- 
urements were  made  on  the  Experiment  Station  Farm  at 
Laramie,  except  No.  1,  which  was  made  at  Wheatland  in 
1893.  (For  record  of  the  cropping  on  this  plat,  see  Table  IX, 
Page  G9.)  In  this  table  the  duty  is  expressed  in  the  num- 
ber of  cubic  feet  of  water  used  on  each  acre  of  land;  in  the 
depth  to  which  the  water  used  would  cover  the  land,  or  as 
the  records  are  reduced  to  the  acre  standard  this  depth  rep- 
resents the  number  of  acre  feet  used  for  each  acre;*  in  the 
number  of  acres  which  one  cubic  foot  per  second  continuous 
flow  would  irrigate  if  used  at  the  same  rate  as  on  these 
crops  and  allowed  to  run  four  months  or  123  days,  and  also 
if  allowed  to  run  only  95  days.  Ninety-five  days  very  near- 
ly represents  the  irrigating  season  for  alfalfa  at  Laramie, 
though  four  months  is  nearer  the  length  of  the  growing 
season. 

As  the  amount  of  rainfall  has  such  an  important  bear- 
ing on  the  amount  of  water  needed  in  irrigation,  we  have 
added  two  columns,  one  of  which  shows  the  depth  to  which 
the  water  used  in  irrigation  and  that  supplied  as  rain  dur- 
ing the  growing  months  of  May,  June,  July,  August  and 
September  covered  the  land,  and  the  other  shows  the  to- 
tal amount  of  water  coming  to  the  land  during  the  entire 
year  by  both  irrigation  and- rainfall.  The  table  shows  that 
we  have  not  used  very  large  amounts  of  water  in  the  pro- 
duction of  alfalfa.  Our  measurements  of  water  used 
on  native  hay  show  that  only  about  one-half  as 
much  water  was  used  on  alfalfa  as  on  the  native 
hay,  and  undoubtedly  the  difference  between  the  two 
kinds  of  hay  will  be  found  to  be  as  great  as  this. 
An  average  of  the  fourteen  measurements  which  have 
been  made  at  Laramie  shows  the  depth  of  water  ap- 
I'lied  to  alfalfa  to  be  2.22  feet.    An  average  of  six  measure- 

•An  acre  foot  Is  the  amount   required   to   cover  one  acre  one  foot 
deep,  or  43,560  cubic  feet. 
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ments  on  oats,  wheat  and  barley  made  before  1899  shows 
2.74  acre  feet  applied  to  each  acre  of  those  crops.  The  on- 
ly class  of  plants  on  which  less  water  has  been  used  than 
on  the  alfalfa  have  been  root  crops.  An  average  of  seven 
measurements  of  the  irrigation  water  used  on  potatoes, 
turnips,  and  sugar  beets  at  Laramie  before  1899  shows  the 
depth  applied  to  be  only  0.98  feet. 

The  following  table  gives  the  number  of  times  each 
field  of  alfalfa  was  irrigated,  the  date  of  each  irrigation 
and  the  amount  of  water  applied  each  time  in  cubic  feet 
per  acre,  and  the  depth  to  which  it  would  cover  the  land. 
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ENEMIES  OF  ALFALFA. 

As  yet  few  iriKeot  pests  of  alfalfa  have  been  observed 
in  the  state,  and  no  cases  of  rnst  or  other  fungous  diseases 
have  come  to  notice.  At  Lander  one  crop  of  hay  was  de- 
stroyed by  the  T^tah  cricket  which  invaded  the  farm  in 
great  numbers  in  1894.  At  Wheatland  one  crop  was  de- 
stroyed by  caterpillars  which  the  Sui>erintendent  reported 
as  army  worms.  The  caterpillar  of  a  small  yellow  butter- 
fly, closely  related  to  the  cabbage  worm,  has  also  been  re- 
ported on  the  alfalfa  at  Wheatland,  but  not  numerous 
enough  to  do  a])pnHiable  damage.  By  far  the  most  seiious 
enemy  of  alfalfa  in  this  state  is  dodder.  At  Sheridan  the 
alfalfa  makes  strong  enough  growth  so  the  dodder  does  not 
kill  it,  but  the  hay  is  seriously  injured  by  it.  The  follow- 
ing report  on  dodder  made  by  the  writer  in  Bulletin  Xo. 
16  of  this  station  is  here  repeated  because  of  its  importance 
and  relation  to  the  subject. 

"DODDER. — Alfalfa  is  sometimes  affected  by  rust  and 
insect  pests,  but  as  yet  its  greatest  foe  in  this  state  is  dodder, 
{Cusrufa),  there  being  several  species  indigenous  to  this 
region.  Dodder  has  been  quite  destructive  on  the  Laramie, 
Saratoga  and  Sheridan  Ex]jeriment  Farms.  It  is  a  small 
annual  parasitic  plant  with  yellow  or  reddish-yellow  twin- 
ing stems,  which  wind  themselves  around  the  stems  of  al- 
falfa, clover  or  similar  plants,  near  the  ground,  taking  its 
nourishment  from  its  host.  It  has  small  colorless  scale- 
like leaves  and  produces  clusters  of  ten  or  more  flowers, 
each  of  which  contains  four  small  grayish  seeds  which  are 
about  half  the  size  of  alfalfa  seed.  These  fall  to  the  ground 
where  they  remain  until  the  next  season  when  they  germin- 
ate. The  young  dodder  plant  cannot  live  long  in  the  ground 
and  unless  it  finds  a  host  plant,  soon  dies.  Where  it  is 
abundant  the  plants  upon  which  it  feeds  assume  an  un- 
healthy appearance  and  finally  die. 
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**Dodder  can  be  killed  by  cutting  the  hay  before  the 
dodder  blossoms  and  burning  it,  or  by  plowing  the  crop 
under  and  cultivating  the  land  for  a  year  or  two  in  corn, 
potatoes  or  other  plants  which  have  stems  so  large  that 
dodder  does  not  live  upon  them.  Great  care  should  be 
taken  in  purchasing  alfalfa  seed  to  get  that  which  is  pure. 
If  our  farmers  would  raise  their  own  seed  it  could  be  kept 
free  from  dodder  and  other  weeds  and  would  also  have  the 
advantage  of  being  acclimated." 


Alfalfa  as  a  Hay  Crop.  83 


APPENDIX. 

OTHER  TRIALS  OF  ALFALFA  ON  THE  LARAMIE  PLAINS 

In  addition  to  the  experiments  on  the  Station  farm  we 
give  the  results  which  have  been  obtained  by  our  farmers  on 
the  Laramie  Plains  so  far  as  we  could  obtain  information 
of  trials  that  have  been  made.  A  number  of  first  attempts  to 
grow  alfalfa  have  failed,  but  these  have  not  been  left  out  on 
that  account.  'Negative  results  are  often  as  valuable  as 
positive  ones.  In  experimental  work  the  lesson  taught  by 
a  failure  may  be  as  important  as  that  of  a  success.  If  the 
reason  for  the  failure  can  be  pointed  out,  more  may  be 
learned  from  a  knowledge  of  it  than  will  be  learned  if  the 
results  we  strive  to  obtain  are  reached  without  diflBculty. 
In  the  light  of  nine  years  investigation  by  the  Station,  we 
think  the  results  obtained  on  our  farms  are  encouraging. 
Heretofore  writers  on  alfalfa  have  placed  its  altitude  lim- 
it at  seven  thousand  feet,  but  enough  has  been  done  by  our 
farmers  to  demonstrate  that  it  will  succeed  above  that  al- 
titude if  the  conditions  of  soil  and  water  are  favorable. 
Alfalfa  has  succeeded  so  universally  at  low  altitudes  in  the 
arid  region  that  there  is  no  necessity  of  our  giving  accounts 
of  it  there.  It  succeeds  under  such  wide  range  of  treat- 
ment, below  six  thousand  feet  above  the  sea,  that  there  is 
no  longer  any  question  of  its  value  as  a  fodder  plant.  We 
have  an  account  of  alfalfa  having  been  planted  on  the  Lar- 
amie Plains  nearly  twenty  years  ago.  Mr.  Ryan  has  told 
me  that  about  twenty  years  ago  Mr.  McCarthy  planted  a 
small  field  of  alfalfa  on  the  red  land  just  north  of  Laramie 
and  that  it  produced  two  good  crops  of  hay  the  second 
year.  It  was  afterwards  neglected  and  destroyed  by  stock, 
drouth,  and  perhaps  the  rise  of  alkali  from  the  land  becom- 
ing wet  through  water  supplied  by  an  artesian  well.    We 
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have  learned  that  some  plants  of  alfalfa  are  still  showing 
on  the  old  Jones  and  Norton  raneh,  where  it  was  planted 
seven  or  eight  years  ago  and  left  on  the  open  plains  where 
stock  have  pastured  over  it  eontinously.  We  have  alreadv 
told  of  the  failure  with  alfalfa  by  a  ranchman  who  spent 
large  sums  in  trying  to  grow  it  about  ten  years  ago.  We 
have  also  been  told  that  Mr.  J.  W.  Collins  tried  it  with  lit- 
tle or  no  success.  Mr.  Oliver  Mansfield  has  tried  alfalfa  >ever 
al  seasons  on  his  ranch  located  about  tw^enty  miles  west  ot 
Laramie  on  the  Big  Laramie  River,  but  has  not  obtained  a 
hay  crop.  It  is  planted  on  the  river  bottom  on  sandy  land, 
which  is  located  about  one-half  mile  from  the  river  and 
it  is  stated  that  ground  water  does  not  come  near  the  sur- 
face. However,  the  plants  have  turned  yellow  and  been 
winter  killed  except  on  a  small  spot  of  clay  ground  where 
they  have  succeeded  better.  Mr.  Mansfield  is  not  satisfied 
that  alfalfa  will  not  succeed  and  is  planning  to  give  it  fur- 
ther trial. 

Mr.  S.  A.  Crawford  sowed  one  hundred  pounds  of  al- 
falfa seed  two  years  ago  and  fifty  pounds  last  year.  He  se 
cured  a  good  stand  but  the  plants  did  not  make  large 
growth.  Stock  have  been  allow^ed  to  pasture  the  young  al- 
falfa. He  has  confidence  it  will  succeed  and  will  put  in  an 
additional  amount  this  spiing. 

Mr.  C.  H.  Jones  has  given  an  account  of  some  alfalfa 
planted  a  few  years  ago  on  his  ranch.  It  was  sown  in  the 
pasture  w^here  stock  have  had  access  to  it  since,  and  where 
no  attention  has  been  given  to  its  irrigation  and  care.  The 
stand  w  as  somewhat  scattering,  but  plants  have  made  thrif- 
ty growth.  Mr.  Jones  states  that  he  believes  alfalfa  would 
be  a  valuable  hay  crop  for  the  plains  where  properly  plant- 
ed and  cared  fop. 

Mr.  Trabing,  who  is  a  pioneer  in  agricultural  investi- 
gations on  the  Laramie  Plains,  has  grown  alfalfa  for  about 
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six  years  on  his  farm  at  Laramie.  He  states  that  two  good 
crops  have  been  harvested  every  year  and  that  much  more 
hay  is  secured  than  native  grass  will  produce.  He  says  that 
the  troublesome  foxtail  all  disappears  where  alfalfa  is 
growing.  The  alfalfa  will  freeze  out  where  the  ground 
freezes  hard  when  it  is  very  wet,  but  where  kept  dry  in  the 
winter  no  difiBculty  of  the  kind  has  been  experienced.  Mr. 
Trabing  has  demonstrated  the  success  of  alfalfa  and  will 
plant  a  larger  area  to  it  the  coming  season. 

Mr.  M.  A.  Crout  is  very  enthusiastic  over  the  success 
of  alfalfa  on  the  Pryor  ranch,  located  sixteen  miles  west  of 
Laramie,  under  the  Pioneer  Canal.  About  six  acres  of  al- 
falfa were  drilled  in  by  Mr.  Pryor  in  the  spring  of  1898. 
Mr.  Crout,  who  now  occupies  the  ranch,  says  he  cut  the 
alfalfa  twice  last  season  and  although  it  was  not  irrigated 
for  the  second  crop  a  good  quantity  of  hay  was  obtained. 
The  yield  would  have  been  greatly  increased  if  it  had  been 
irrigated,  but  Mr.  Crout  thinks  he  makes  a  conservative 
estimate  when  he  says  that  he  obtained  as  much  hay  as 
could  be  produced  on  four  times  the  amount  of  land  in  na- 
tive grass.  He  has  fed  the  hay  to  his  cattle  during  the 
winter  and  they  have  fattened  on  it.  He  says  further  that 
it  is  the  best  hay  for  all  purposes  he  has  ever  used.  Fed 
to  horses  it  gave  the  most  satisfactory  results  and  "if  a 
horse  is  poor  and  hidebound  he  can  be  put  into  good  con- 
dition in  a  short  time  by  feeding  alfalfa."  The  hay  was 
nicely  cured  and  has  produced  no  bloating  or  other  trouble. 

The  following  letter  from  Mr.  Webber  shows  his  faith 
in  alfalfa  as  a  hay  crop.  He  has  fed  the  hay  to  his  milch 
rows  with  the  best  results. 
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LETTER  FROM  MR.  C.  W.  WEBBER. 

Dear  Sir:  As  there  has  been  quite  a  difference  of  opin- 
ion in  regard  to  the  success  of  growing  alfalfa  in  Albanr 
County,  I  will  give  my  experience. 

I  believe  that  with  proper  care  to  get  it  started,  alfalfa 
is  a  successful  crop  in  this  part  of  the  state.  In  1897  I 
sowed  one  acre  broadcast  after  drilling  oats  for  a  nurse 
crop  and  secured  a  very  good  stand.  In  1898  I  drilled  in 
four  acres  more,  using  about  25  pounds  of  seed  to  the  acre. 
This  seed  was  planted  without  a  nurse  crop.  It  was  wa- 
tered twice  before  cutting  and  turned  off  about  a  ton  of  hay 
to  the  acre.  The  first  acre  which  was  sown  the  year  be- 
fore was  cut  twice  and  yielded  about  three  tons  in  1899.  I 
drilled  about  twelve  acres  more  to  alfalfa  last  season.  It 
was  drilled  as  nearly  as  possible  in  the  same  manner  as  the 
above  four  acres.  This  piece  was  also  watered  twice  before 
cutting,  with  the  exception  of  about  two  acres  which  had 
water  once.  The  land  which  was  only  irrigated  once  was 
covered  with  a  good  stand  of  plants  but  the  ground  became 
so  baked  that  they  did  not  grow  very  high.  This  piece  of 
twelve  acres  was  cut  once  and  yielded  about  three-fourths 
of  a  ton  per  acre.  The  four  acres  drilled  the  year  before 
was  cut  twice  and  yielded  three  tons  to  the  acre.  The  first 
acre  that  was  sown  in  1897  winter  killed  during  the  hard 
winter  of  1898  and  1899,  but  clover  and  alfalfa  winter  killed 
all  over  the  East  and  in  CJolorado,  so  the  diflBculty  was  not 
peculiar  alone  to  our  conditions  of  soil  or  climate.  This 
acre  was  replowed  and  alfalfa  again  drilled  in,  and  it  made 
a  vigorous  growth  last  season.  The  ground  was  all  water 
ed  after  the  last  cutting  and  the  alfalfa  made  a  good  growth 
before  freezing.     I  would  advise  any  one  contemplating 
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sowing  alfalfa  to  drill  it  in  lightly  on  a  compact  seed  bed 
on  ground  that  had  been  irrigated  one  or  more  seasons  be- 
fore, and  I  have  no  doubt  of  their  success. 

Yours  Truly, 

C.  W.  WEBBER. 

Mr.  Webber's  place  is  about  a  mile  west  of  Lara- 
mie, on  the  open  plains.  Some  of  the  land  on  which 
he  planted  alfalfa  had  been  manured  and  the  plants  made 
strong,  thrifty  growth.  Measurements  of  water  made  on 
his  place  last  year  showed  the  amount  of  water  used  to- 
irrigate  80  acres  to  be  153.8  acre  feet,  or  enough  to  cover 
the  land  1.92  feet  deep.  We  do  not  know  how  much  of  this 
was  used  on  alfalfa,  but  it  was  probably  only  a  proportion- 
al amount. 

Mr.  Thomas  Bird,  who  lives  in  the  Centennial  Valley, 
about  thirty-five  miles  west  of  Laramie,  has  written  the 
following  interesting  account  of  attempts  to  grow  alfalfa 
on  his  ranch: 


LETTER  FROM  THOS.  BIRD,  CENTENNIAL,  WYOMING. 

Dear  Sir:  Some  three  years  ago  I  sowed  alfalfa  on 
about  four  acres  of  ground  that  had  been  broken  two  years 
before.  The  soil  is  mostly  gravel,  but  portions  are  partial- 
ly clay  and  all  was  well  tilled.  The  alfalfa  came  up  the 
first  year  and  made  what  appeared  to  be  a  good  stand. 
The  growth  was  not  large  enough  to  cut  the  hay  the  first 
year.  The  second  year  the  plants  stooled  out  fairly  well 
and  we  cut  it  but  did  not  secure  what  I  would  call  a  good 
crop,  probably  one-^ialf  ton  per  acre  and  only  one  cutting. 
The  third  year,  which  was  Jast  season,  nearly  all  the  plants 
had  been  killed  bv  excessive  cold  winter  or  some  other 
cause,  80  it  will  be  plowed  up  the  coming  spring  and  other 
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use  made  of  the  land.  This  piece  of  ground  is  300  feet  from 
the  river  at  the  farthest  point,  not  more  than  five  feet 
higher  than  extreme  low  water  mark  and  two  and  one-half 
feet  higher  than  high  water  mark.  This  land  has  never 
been  irrigated  but  you  will  bear  in  mind  that  we  get  more 
rain  at  the  base  of  the  mountains  than  falls  in  Laramie. 

In  the  spring  of  1898  tve  sowed  one  acre  of  poor  gravel- 
ly land  not  far  from  above  piece  to  alfalfa.  It  came  up 
much  as  did  the  first  sown,  but  did  not  get  large  enough 
to  cut  the  first  vear.  The  second  vear  (last  season)  we  ir- 
rigated  this  piece  and  cut  the  hay.  We  did  not  get  a  large 
crop,  but  better  than  we  secured  the  second  year  from  the 
four  acre  piece  described  above.  As  it  stood  the  winter 
of  one  year  ago,  which  was  the  first  after  planting  the 
seed,  I  think  that  by  irrigating  it  as  we  should  it  will  prob- 
ably do  something. 

Some  eleven  years  ago  we  sowed  about  one-fourth  acre 
alfalfa  on  high  ground  which  is  probably  six  feet  above 
low  water  mark  in  the  river.  This  has  not  been  irrigated 
at  any  time  but  there  are  ten  or  fifteen  stalks  which  are 
there  still.  These  have  made  fine  growth  and  blossomed 
each  season  since  the  second  year.  Digging  around  some 
of  these  roots  I  find  them  at  two  or  three  inches  from  the 
top  of  the  ground  to  be  from  one  to  one  and  three-fourths 
inches  in  diameter.  The  rest  of  the  plants  died  the  sec- 
ond or  third  year  after  being  sown. 

This  concludes  our  experience,  and  while  it  looks  dis- 
couraging our  opinion  is  that  had  we  irrigated  our  alfalfa 
as  it  should  have  been  the  results  woilld  have  been  differ- 
ent. With  proper  irrigation  I  think  that  at  least  one  good 
cutting  can  be  made.  We  think  the  seed  should  not  be 
spared  in  sowing,  and  when  we  plant  more,  as  is  our  inten- 
tion, 20  or  25  pounds  of  seed  per  acre  will  be  used.    I  have 
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written  at  some  length  in  order  to  explain  fully  what  we 
have  done,  as  you  requested.  I  hope  the  information  may 
be  of  value  and  that  it  will  not  deter  others  from  givinjf 
alfalfa  a  fair  trial.  We  are  fully  convinced  of  the  import- 
ance of  giving  proper  attention  to  the  irrigation  of  alfalfa, 
at  least  during  the  first  two  seasons  of  its  growth,  and 
with  this  attention  we  believe  it  can  be  made  at  least  a 
partial  success  even  at  this  high  altitude. 

Yours  very  truly, 

THOS.  BIRD. 

Mr.  Bird's  place  is  in  the  upper  part  of  the  Centen- 
nial Valley  at  an  altitude  of  about  8,000  feet.  Un- 
doubtedly much  more  rain  and  snow  falls  in  that  locality 
than  lower  down  on  the  open  plains.  In  my  opinion  those 
who  have  read  this  bulletin  will  find  a  studv  of  Mr.  Bird's 
letter  anything  but  discouraging,  as  he  indicates.  The  fact 
that  plants  have  lived  for  eleven  years  without  irrigation 
or  care  at  such  an  altitude  certainly  shows  their  hardiness. 
Alfalfa  can  not  be  expected  to  succeed  an^  place  in  oui* 
state  without  irrigation.  With  proper  attention  it  will 
probably  succeed  well  enough  in  the  Centennial  Valley  to 
produce  as  much  or  more  hay  per  acre  than  will  native  hay. 
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SUMMARY. 

Alfalfa  succeeds  in  all  parts  of  Wyoming  under  8,000 
feet  altitude  where  it  can  be  irrigated  and  makes  more 
fodder  to  the  acre  than  any  other  hay  plant  yet  introduced. 

Under  proper  care  and  right  treatment,  raising  alfal- 
fa may  be  made  profitable  up  to  nearly  or  quite  8.000  feet 
altitude.  It  does  not  require  special  culture  where  grown 
below  6,000  feet  altitude. 

Between  7,000  and  8,000  feet  above  the  sea,  alfalfa 
can  generally  be  cut  twice,  though  only  the  first  cutting 
may  produce  a  full  crop.  Where  cut  twice  in  the  season 
the  yield  is  from  two  and  one-half  to  four  tons  per  acre. 
Below  5,000  feet  altitude  it  is  cut  three  and  four  times  each 
season  and  yields  from  four  to  ten  tons  of  cured  hay  per 
acre. 

At  high  altitudes  alfalfa  requires  careful  treatment  to 
secure  a  good  stand  and  become  well  established.  Heavy 
seeding  and  planting  with  the  press  drill  are  recommend- 
ed. 

Two  seasons  are  required  to  put  the  alfalfa  into  good 
producing  condition  on  the  Laramie  Plains. 

Alfalfa  grows  better  and  produces  larger  crops  for 
two  or  three  years  after  planting  if  sown  alone  instead  of 
with  oats  or  other  nurse  crop.  This  may  be  due  to  secur- 
ing better  stand.  However,  it  may  be  planted  with  grain 
and  when  sown  with  nurse  crop  the  seeding  of  grain  should 
be  light,  and  early,  small  strawed  varieties  used. 

Turkestan  alfalfa  has  stood  the  winters  better  and 
produced  heavier  crops  than  the  common  form  at  Lara- 
mie. 

The  principal  cause  of  winter  killing  seems  to  be  the 
freezing  of  water  around  the  crowns  of  the  plants. 

Alfalfa  will  not  grow  on  wet  land  where  the  ground 
water  stands  as  near  the  surface  as  one  or  two  feet. 
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No  one  should  expect  to  obtain  good  hay  crops  of  al- 
falfa without  regularly  irrigating  it.  It  requires  occasion- 
al irrigations  through  the  growing  season,  and  fall  irriga- 
tion is  beneficial. 

The  average  amount  of  irrigation  water  which  has 
been  used  on  alfalfa  at  Laramie  would  cover  the  land  2.22 
feet  deep.  This  is  a  little  less  than  the  amount  used  to  ir- 
rigate grain  and  much  less  than  is  used  on  native  hay. 

Alfalfa  grows  better  where  there  is  some  alkali  salt 
in  the  soil  but  will  not  stand  more  than  one  per  cent  of  our 
common  white  alkali  in  the  first  six  inches  of  soil.  It  should 
not  be  planted  where  there  is  enough  alkali  to  form  white 
incrustations  on  the  surface  of  the  soil  during  any  part  of 
the  vear. 

The  principal  enemy  of  alfalfa  in  Wyoming  is  dodder, 
which  may  be  prevented  by  using  clean  seed. 

Alfalfa  is  not  only  a  valuable  hay  crop  but  improves 
the  land  by  taking  nitrogen  from  the  air  and  fixing  it  in  the 
soil.  It  is  considered  the  greatest  boon  to  the  west  of  any 
plant  we  cultivate. 

(Note. — The  next  bulletin  of  the  Wyoming  Station 
(No.  44.)  will  deal  with  the  power  of  alfalfa  to  improve  the 
soil  for  the  raising  of  other  crops.) 
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GENERAL  CONSIDERATIONS. 


How  to  make  the  soil  highly  productive  and  keep  it  so 
is  often  one  of  the  most  difficult  problems  the  farmer  has  to 
solve.  The  soil  is  a  wonderful  compound  and  studies  of  it 
have  resulted  in  some  of  the  greatest  discoveries  in  science. 
The  soil  upon  which  we  depend  for  so  many  of  the  blessings 
we  enjoy  is  not  merely  a  dead,  inert  mass  of  particles  of 
rocks  which  have  been  torn  to  pieces  by  the  weather,  but  is 
a  place  of  great  activity  and  continual  movement,  teeming 
in  its  dark  recessi-s  with  forms  of  b'fe  which  are  so  small 
that  we  can  not  see  them  except  with  a  microsc(.pe,  but  of 
such  importance  that  the  world  would  neither  be  clothed 
nor  fed  if  they  did  not  exist. 

The  higher  plants  ui)on  which  man  and  animals  are 
dependent,  either  directly  or  indii-ectly,  for  food  and  shel- 
ter can  only  grow  in  soils  which  are  in  favorable  condition 
of  tilth  and  moisture  and  then  only  when  supplied  with  the 
kind  of  food  they  require.  Out  of  the  fourteen  or  fifteen 
different  elements  which  plants  must  have  as  food,  only 
two  or  three  can  be  taken  from  the  air  by  them,  and  the 
rest  must  be  supplied  by  the  soil.  If  the  soil  does  not  con- 
tain these  elements  in  sufficient  amounts  and  in  such  com- 
bination or  soluble  condition  that  plants  can  absorb  and 
use  them,  it  will  not  produce  crops.  Fortunately  nearly  all 
the  foods  required  by  plants  are  so  abundant  that  the  farm- 
er m*eds  to  give  them  no  attention,  and  only  those  which 
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are  most  rare  or  which  are  apt  to  be  present  in  the  soil  in 
such  small  amounts  that  they  soon  become  exhausted,  be- 
come of  importance  to  him.  Some  soils  may  be  deficient  in 
lime  (in  regions  where  there  is  no  lime  stone  or  where  the 
lime  is  so  combined  that  it  is  of  no  value  to  the  soil  or 
plants,  but  as  a  general  rule  the  only  elements  which  we 
need  to  supply  the  land  are  potash,  phosphoric  acid  and 
nitrogen.  Of  these  potash  and  phosphoric  acid  are  the 
most  abundant.  In  the  arid  regions  many  of  our  soils  con- 
tain so  much  potash  that  any  amount  of  cropping  will  not 
exhaust  it.  Our  common  river  sand  at  Laramie  contains 
over  3.5  percent  of  potash*  so  that  in  one  acre  of  it  one 
foot  deep  there  would  be  approximately  150,000  pounds  of 
potiTsh,  more  than  enough  to  supply  large  crops  of  wheat 
for  a  thousand  years. 

The  fine  earth  on  the  Laramie  farm,  after  the  sand 
and  gravel  had  been  sifted  out,  contained  0.56  percent  of 
potash**,  fully  enough  to  last  our  wheat  crops  two  hun 
dred  years  if  we  do  not  call  on  the  supply  from  deeper 
soil  or  the  coarser  particles,  which  are  largely  pieces  of 
granite  rich  in  potash.  This  estijnate  i^  only  a  rough  one, 
but  it  serves  to  show  the  abundance  of  such  foods  in  our 
soils. 

Phosphoric  acid  is  not  so  abundant,  but  our  soils  con 
tain  a  suflicient  amount  as  a  rule.  It  is  true  that  these 
elements  are  often  abundant  in  the  soil  and  still  not  avail- 
able to  plants,  as  they  are  in  combination  and  insoluble. 
This  is  more  apt  to  be  the  case  if  the  soil  is  not  in  good 
tilth.  Since  the  time  of  Jethro  Tull,  nearly  200  years  ago. 
the  importance  of  tillage  has  been  known,  though  not  fully 
ai'preciated  by  many.  Tull  thought  tillage  the  only  thing 
necessary  to  make  and  keep  the  land  productive.    This  is 


•Analysis  made  by  A.   H.   Danielson.  B.  8.,  March,  1900. 

♦•For  analyses  of  Wyomlrg:  soils,  see  Bulletin  No.  6,  Wyoming  Ex- 
periment   Station,  by  Prof.  E.  E.  Slosson.     Pages   13   to  26, 
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probably  true  in  the  arid  region  so  far  as  potash  is  con- 
cerned, but  tillage  does  not  add  new  food  to  the  soil  except 
as  it  favors  the  multiplication  and  work  of  the  organisms 
in  the  soil  which  appropriate  nitrogen  from  the  air  and 
change  that  obtained  in  other  ways  into  forms  made  use 
of  by  plants.  Nitrogen  is  one  of  the  most  common  ele- 
ments, as  it  composes  about  four-fifthn  of  the  air,  but  as  a 
plant  food  it  is  not  abundant  and  is  the  most  expensive 
fertilizer  the  farmer  has  to  provide,  at  least  where  pur- 
chased in  commercial  form.  Plants*  can  make  use  of  ni- 
trogen only  when  it  is  in  the  form  of  nitric  acid  or  per- 
haps ammonia. 

The  larger  part  of  the  nitrogen  in  the  soil  is  the  re- 
sult of  decaying  vegetable  matter  which  produces  humus. 
Because  of  the  small  amount  of  vegetation  on  our  arid 
soils  they  are  usually  poor  in  humus  and  nitrogen.  If 
they  are  in  good  tilth  and  yet  become  unproductive  it  is 
generally  because  the  nitrogen  has  become  exhausted.  It 
may  be  added  to  the  soil  by  applying  commercial  fertiliz- 
ers which  contain  it,  a«  nitrates,  raw  bone  meal  or  other 
organic  compound  or  with  barnyard  manure  which  con- 
tains  large  amounts  of  vegetable  matter,  ammonia  and 
other  forms  of  nitrogen.  Among  all  fertilizers,  the  first 
of  importance  is  nitrogen,  and  the  fertilizer  which  contains 
the  most  of  it  in  the  form  needed  by  plants  is  the  most  val- 
uable. Sir  William  Crooks,  one  of  the  world's  foremost 
scientists,  has  predicted  that  wide-spread  famine  will  final- 
ly result  from  the  failure  of  the  wheat  crops  of  the  world 
because  the  nitrogen  of  the  w)il  is  being  exhausted  and 
there  is  such  general  waste  of  this  element  instead  of  re- 
turning it  to  the  land. 


•Plants  as  here  spoken  of  refers  only  to  the  higher  plants,  those 
which  produce  flowers  and  seeds.  The  minute  organisms  In  the  soil 
known  as  bacteria  or  ferments,  which  change  other  forms  of  nitrogen 
Into  nitric  acid,  are  also  classed  as  plants,  but  in  popular  usage  the 
word  plants  does  not  include  them. 
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BELATION  OF    ALFALFA   TO   THE   NITROGEN   PROBLEM 

There  is  another  way  of  supplying  the  soil  with  nitro- 
gen, viz.:  by  growing  plants  which  have  the  power  to  take 
up  free  atmospheric  nitrogen  and  fix  it  in  the  soil.  One  of 
the  most  remarkable  discoveries  in  science  was  the  fact 
that  certain  plants  can  do  this  and  the  way  in  which  the 
nitrogen  from  the  air  becomes  fixed  through  the  agency 
of  certain  minute  organisms  (bacteria)  which  take  nitro- 
gen gas  from  the  air  that  passes  into  the  soil  and  so 
change  it  that  it  becomes  food  for  plants.  Theee  bacteria 
work  in  connection  with  plants*  belonging  to  the  pea  fam- 
ily, pease,  beans,  clover  and  other  legumes,  by  producing? 
little  bunches  or  nodules  on  the  roots  in  which  they  live. 

There  is  a  different  organism  for  each  kind  of  plant 
They  ai*e  spread  through  the  soil  and  take  up  their  abode 
on  the  roots  of  the  plant  to  which  they  are  related  when 
it  is  grown,  and  the  plants  do  not  grow  well  if  the  organ- 
isms are  absent.** 

Alfalfa  is  hardy  enough  to  stand  our  climate,  easy  to 
grow,  gives  as  large  or  larger  money  returns  from  the  land 
as  will  grain***  and  improves  the  soil  at  the  same  time  at  no 
exj>ens(^  to  the  farmer. 

The  fixation  of  nitrogen  by  alfalfa  overcomes  the  prin- 
cipal difficulty  with  arid  soils  and  a  rotation  of  crops  in 
which  alfalfa  is  one,  practically  solves  the  fertilizer  prob- 
lem over  a  large  part  of  the  west. 

•These  bacteria  are  low  forms  of  plants.  When  different  plants 
live  together  for  the  mutual  benefit  of  both,  it  is  technically  known  as 
"symbiosis."    There  are  many  instances  of  symbiosis  In  the  plant  world. 

••The  minute  organisms  which  work  with  alfalfa  seem  to  be  abun- 
dant In  our  soils.  If  they  were  absent  the  plants  would  not  do  so  well. 
If  they  did  not  entirely  refuse  to  flrrow.  If  alfalfa  does  not  thrive,  ioocu- 
latingr  the  soil  with  them  might  remedy  the  difflculty.  Such  Inoculation 
has  been  put  Into  practice  with  clover  and  the  Germans  have  put  the 
bacteria  on  the  market  for  this  purpose  under  the  name  of  "Nitra^n," 
It  is  necessary  to  get  the  right  kind  of  bacteria,  however,  and  I  do  not 
know  that  the  one  for  alfalfa  has  ever  been  sold. 

•••For  information  in  regard  to  alfalfa  as  a  hay  crop  in  Wyoming, 
see  Wyoming  Station  Bulletin  No.  43. 
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ALFALFA  IMPROVES  THE  PHYSICAL  OONDITION  OF  SOILS 

Besides  fixing  nitrogen  in  the  soil  alfalfa  improves 
its  tilth  or  physical  condition.  The  plants  shade  the  land, 
prevent  the  rapid  loss  of  water  by  evaporation  and  the 
rise  of  alkali  salts  to  the  surface.  The  roots  have  an  im- 
portant mechanical  effect  also.  They  grow  to  large  sij&e 
and  penetrate  to  unusual  depths  in  the  subsoil.  When  the 
land  is  plowed  to  destroy  the  alfalfa,  the  roots  decay,  pro- 
ducing humus  which  aids  in  loosening  the  soil,  holds  mois- 
ture and  help«  other  plants  make  use  of  the  nitrogen 
which  has  accumulated.  It  is  not  necessary  to  plow  un- 
der a  crop  of  growing  plants  to  secure  the  improvement 
though  green  manuring  in  this  way  is  often  practiced  with 
good  results.  At  Wheatland  the  superintendent  of  the 
sub-station  farm,  Mr.  M.  R.  Johnston,  practiced  plowing 
under  the  last  crop  in  the  fall.  The  first  and  second  crops 
were  cut  for  hay  which  he  states  paid  for  the  expense  ot 
planting  and  use  of  the  land  and  made  the  fertilizer  cheap- 
er than  any  other  which  could  be  applied. 

Alfalfa  also  solves  the  weed  problA»Ti.  Where  land 
has  become  infested  with  weeds,  growing  alfalfa  two  •  r 
more  years  will  entirely  clean  them  out  of  the  land.  Even 
foxtail*,  which  is  so  troublesome  in  parts  of  Wyoming, 
succumbs  to  alfalfa  treatment.  We-  can  not  expect  to  de- 
stroy foxtail  everywhere  this  way,  as  it  grows  in  places 
not  suitable  for  alfalfa,  but  where  alfalfa  will  grow  and  is 
cut  two  or  more  times  in  a  season,  foxtail  or  any  other 
weed  which  may  be  present  soon  disappears. 

ROTATIONS  WITH  ALFALFA. 

Where  alfalfa  is  used  in  rotation  with  other 
crops,    the    texture   and    richness    of    the    soil     is    im- 

•The  grasB  popularly  called  "foxtail"  In  the  west  Is  not  the  com- 
mon foxtail  of  the  East,  which  Is  a  valuable  firrass.  The  firrass  under 
this  name  with  us  is  a  wild  barley  (Hordeum  jubatum),  sometimes 
known  as  Squirrel  Tall  Grass.  For  an  account  of  It  as  a  stock  pest  in 
Wyoming:,   see  Wyoming  Station  Bulletin  No.  19,  by  Prof.  Aven  Nelson. 
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proved  and  the  land  is  kept  highly  productive,  pro- 
viding of  course  it  is  not  poor  in  plant  foods  which  are 
usually  abundant.  A  good  rotation  for  the  Laramie 
plains  would  be,  beginning  with  the  virgin  sod;  first  year 
oats,  second  year  potatoes  with  fertilizer,  (stable  manure) 
if  possible;  third  year  alfalfa  sown  on  the  potato  ground 
without  replowing,  having  it  smoothed  and  leveled.  The 
alfalfa  may  be  left  on  the  land  any  number  of  years.  Then, 
beginning  with  alfalfa,  which  is  to  be  plowed  for  other 
crops,  would  recommend,  first  year  wheat,  oats,  barley  or 
potatoes.  If  crops  are  good  it  may  be  put  in  grain  two  or 
more  years.  The  first  year  there  may  be  alfalfa  growing 
with  the  grain,  as  the  plow  may  not  cut  off  all  the  roots, 
but  it  will  do  no  harm,  as  the  grain  roots  are  small  and 
feed  in  the  surface  soil  while  the  alfalfa  feeds  from  below. 
Follow  the  grain  with  potatoes  or  other  cultivated  crop 
and  then  alternate  grain  and  i>otatoes  for  a  few  years  or 
until  the  land  shows  signs  of  running  out,  when  it  should 
be  again  put  into  alfalfa.  If  land  is  scarce  it  may  be  sown 
with  a  light  seeding  of  oate  as  a  nurse  crop  but  for  our 

high  altitudes  we  have  found  it  better  to  plant  the  alfalfa 
alone. 

ALFALFA  AS  A  FERTILIZER  ON  THE  LARAMIE  PLAINS 

We  have  carried  out  an  experiment  at  the  station 
farm  to  show  the  value  of  alfalfa  as  a  fertilizer.*  While 
only  one  year's  crop  has  been  raised  since  plowing  up  the 
alfalfa,  the  results  are  well  worth  considering.  In  order 
that  an  understanding  of  the  full  effect  of  having  grown 
the  alfalfa  on  the  land  for  a  number  of  years  may  be  had, 
we  give  a  full  historical  report  of  the  acre  plat  on  one  half 
of  which  alfalfa  was  grown  and  plowed  under  for  the  pro- 
fit is  a  pleasure  to  acknowledgre  the  efficient  help  Mr.  W.  H.  Fair- 
Held  has  rendered  In  the  work  of  the  department.  He  carefully  manafed 
this  experiment,  and  his  field  notes  and  records  make  the  results  accu- 
rate and  valuable.    Mr.  A.  H.  Danielson  has  also  grlven  efficient  aid. 
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duetion  of  other  crops  and  on  the  other  half  has  been 
grown  crops  other  than  aJfalfa  in  rotation  for  the  same 
length  of  time. 

HISTORY  OF  ACRE  PLAT  8. 

1891. — In  May  the  virgin  soil  was  broken  to  a  depth 
of  five  inches,  and  was  planted  on  June  3  to  strips  of  In- 
dian Millet,  (lerman  Millet,  Jerusalem  Corn,  Kaffir  Corn, 
Hemp,  Sorghum,  Sunflowers,  Caator  Beans  and  Corn. 
These  crops  did  not  mature  and  no  record  is  at  hand  to 
show  that  they  were  harvested. 

1892. — The  whole  plat  was  plowed  to  a  depth  of  eight 
inches  in  May  or  latter  part  of  April,  divided  into  fourths 
and  planted  June  2d  to  pease  and  beans  with  press  drill 
and  the  land  rolled  after  planting.  Scotchman  Pease  and 
Boston  Small  Pea  Beans  were  frosted  before  ripe  and  not 
harvested.  Canadian  Field  and  White  Canada  Pease 
ripened  partial  crops.  They  were  harvested  September  1 
to  5  and  yielded  5  to  7  bushels  pease  per  acre.  They  were 
frosted  August  29th. 

1893. — On  April  17th  the  whole  plat  was  plowed  ten 
inches  deep,  harrowed  twice  April  21  and  rolled.  May 
1  the  north  half  of  the  plat  was  sown  with  alfalfa,  broad- 
cast, at  the  rate  of  20  pounds  seed  per  acre.  The  south 
half  of  plat  was  planted  to  two  kinds  of  rutabagas. 

NORTH  HALF.  SOUTH  HALF. 

Alfalfa. — A  good  stand  was  not  Rutabagas  were  all  destroyed 

secured.    Was  not  harvested  this  by  flea  beetles,  so  no  crop,  was 

year.  produced. 

1894. — In  winter  of  1893-4  twelve  loads  stable  manure 
were  distributed  as  nearly  even  as  possible  over  the  plat. 
The  whole  acre  was  again  plowed  eight  inches  deep  and  har- 
rowed twice. 
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NORTH  HALF. 
April  27,  resown  with  alfalfa 
at  rate  of  89  pounds  of  seed  per 
acre.  Good  stand  and  made  ex- 
cellent growth.  A  few  bunches 
of  previous  years  planting  which 
were  not  cut  off  by  plow  grow- 
ing. Harvested  Aug.  16.  Yield, 
1967  lbs.  cured  hay  per  acre. 


SOUTH  HALF. 
Two  rows  of  broom  com  80 
Inches  apart  planted  along  one 
side.  Season  too  short  for  it  to 
mature.  The  remainder  of  the 
half  acre  was  planted  to  varie- 
ties of  potatoes  on  May  9.  at  rate 
of  1,000  pounds  seed  per  acre. 
Harvested  Oct.  1  to  4.  Average 
yield  of  60  varieties  per  acre, 
9,900  pounds  marketable  pota- 
toes. Average  percent  of  tuben 
large  enough  for  market,  87,  or 
total  yield  including  small  po- 
tatoes, 11,300  pounds  per  acre. 


1895.— 


NORTH   HALF. 

Alfalfa  was  cut  twice. 

First  crop  harvested  Aug.  6. 
Yield,  5,019  pounds  per  acre. 

Second  crop  harvested  Sept. 
24.    Yield,  2,657  pounds  per  acre. 

Total  yield  for  season,  7,576 
pounds  cured  hay  per  acre. 


SOUTH  HALF. 

Plowed  eight  inches  deep  on 
April  8.  fiown  to  varieties  of 
wheat,  barley  and  oats  in  rows 
15  inches  apart  with  the  excep- 
tion of  New  Black  barley,  a 
small  strip  of  which  was  sown 
with  press  drill  eight  inches 
apart.  There  was  about  the 
same  area  each  of  oats  and  bar- 
ley, which  occupied  about  one- 
fourth  acre,  and  the  wheat  cov- 
ered one-fourth  acre. 

Average  yield  per  acre  of  seTen 
varieties  of  barley,  straw  and 
grain.,  3,536  pounds.  Grain.  1,871 
pounds. 

Average  yield  per  acre  of  six 
varieties  of  oats,  straw  and 
grain,  4,024  pounds.  Grain,  970 
pounds. 

Average '  yield  per  acre  of  15 
varieties  of  wheat,  straw  and 
P'ain,  6,026  pounds.  Grain,  1,768 
pounds. 
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1896.— 


NORTH   HALF. 

Alfalfa  was  cut  twice. 

First  crop  harvested  July  7. 
Yield  cured  hay  per  acre,  1,641 
pounds. 

Second  crop  was  harvested 
September  8.  Yield  cured  hay 
per  acre,  3,040  pounds. 

Total  yield  per  acre  for  sea- 
son, 4,681  pounds. 

Hall  storm  injured  the  first 
crop,  which  accounts  for  small 
yield. 


SOUTH  HALF. 

April  22-28,  plowed  eight  Inch- 
es, deep.  Harrowed,  leveled  and 
sown  with  press  drill  to  varie- 
ties of  barley  at  the  rate  of  100 
pounds  seed  per  acre,  in  strips 
running  east  and  west.  Straw 
produced  was  short  and  yield 
small. 

Average  yield  per  acre  of  nine 
varieties  of  barley,  grain,  895.5 
pounds. 

September  3,  land  was  plowed 
about  eight  inches  deep. 


1897.— 


NORTH  HALF. 
Alfalfa  was  cut  twice. 
First  crop  was  harvested  July 

16.  Yield  of  cured  hay  per  acre, 
3,860  pounds. 

Second  crop  was  harvested 
September  9.  Yield  of  cured  hay 
per  acre,  3,860  pounds. 

Total    yield    for    season    per   . 
acre.  7,720  pounds. 

1898. 
NORTH   HALF. 
Alfalfa  was  cut  twice. 
First  crop  was  harvested  July 

17.  Yield  per  acre  of  cured  hay, 
4.759  pounds. 

Second  crop  was  harvested 
September  8.  Yield  per  acre  of 
cured  hay,  3.909  pounds. 

Total  yield  for  the  season,  per 
acre,  8,668  pounds. 


SOUTH  HALF. 

April  20,  leveled  and  drilled 
with  Lincoln  oats  at  dlfTerent 
rates  of  seed  per.  acre,  from  40  to 
120  pounds. 

Average  yield  of  grain  and 
straw  per  acre,  2,617  pounds. 
Grain,  1,076  pounds. 


SOUTH  HALF. 

April  16-19,  plowed  eight  inch- 
es deep  and  leveled.  April  29, 
planted  to  spring  rye  at  the  rate 
of  114  pounds  of  seed  per  acre. 
Harvested  August  13. 

Yield  per  acre,  straw  and 
grain,  1,580  pounds.  Grain,  556 
pounds. 


On  September  22  and  28  the  whole  plat  was  plowed 
to  a  depth  of  about  8  inches.    It  was  not  very  well  done  on 
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the  north  side,  a«  the  plow  used  was  not  suited  to  the  pur- 
pose and  all  the  alfalfa  roots  wei'e  not  cut  off. 

Since  cropping  was  begun  on  the  two  parts  of  the  plat 
separately  in  1894  the  following  crops  have  been  produc- 
ed on  each  half  of  the  plat.  The  yields  here  are  for  each 
half  acre  instead  of  yields  per  acre  as  reported  above: 

NORTH  HALF— ALFALFA.  SOUTH  HALF— OTHER  CROPS 

.One-half  Acre.  One-half  Acre. 

Pounds.  Pounds. 

1894 984      1894— Potatoes 5650 

1895 8788      1895— Grain  and  straw 2264 

1896 2841  Of  which  amount   the 

1897 3860  grain  is 685 

1898 4834      1896— Grain  and  straw 'IZSO 

Grain  alone 448 

Total  15,307      1897— Grain  and  straw 1309 

Grain  alone 538 

1898— Grain  and  straw 790 

Grain  alone 278 


Total  potatoes  .    5650 

Total  straw  and  gjain 5648 

Total  grain 1949 

'Estimating  that  grain  Is  0.35  percent  of  grraln  and  straw  tog^ether. 

A  rough  estimate  of  the  value  of  the  crop  from  each 
half  acre  for  the  above  five  years  at  local  prices  would  be 
approximately  for  north  half,  alfalfa,  $60*  Potatoes?  and 
grain  from  the  south  half,  |69.  The  total  expense  of  har- 
vesting the  alfalfa  should  not  exceed  flO.OO,  estimating 
from  what  the  actual  cost  per  ton  would  be  on  large  areas. 
The  south  half  should  have  expense  of  preparing  the  land 
for  crop  each  season  deducted  as  well  as  value  of  s^hhI.  har- 
vesting and  sacking  the  potatoes  and  threshing  the  grain. 

•This  estimate  is  conservative,  as  it  Is  based  on  a  value  of  JS.i>>  per 
ton  In  the  local  market.  The  scarcity  of  alfalfa  hay  makes  it  of  greater 
value  than  native  hay,  and  the  price  of  native  hay  has  rarely  been 
lower  than  J8.00  per  ton,  while  a  part  of  the  time  It  has  brought  twice 
this  amount.  All  the  alfalfa  could  undoubtedly  have  been  sold  for  $10 
to  115  per  ton,  and  certainly  would  have  brought  enough  more  than  js.<>> 
to  pay  all  expense  of  marketing  it. 
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A  Though  estimate  of  this  expense  on  the  south  half  of  the 
plat  would  place  it  at  about  |25.  This  would  make  the  net 
value  of  the  alfalfa  from  one-half  acre  |50,  and  of  grain 
and  jK>tatoes  from  one-half  acre  for  the  same  time  f44. 
Comparing  the  crops  produced  each  year,  the  production 
increased  from  the  alfalfa  land,  while  it  decreased  to  such 
an  extent  from  the  plowed  ground  that  the  last  crop  of  rye 
gave  barely  ten  bushels  of  grain  per  acre,  though  last  sea- 
son it  produced  much  better  yields  of  wheat  and  oats. 

This  brings  the  history  of  acre  plat  eight  down  to  the 
spring  of  1899  and  the  following  report  shows  the  value 
of  having  grown  alfalfa  on  the  land  for  other  crops.  The 
alfalfa  stubble  was  plowed  under  in  the  fall  after  the  sec* 
ond  hay  crop  of  1898  had  been  removed. 

YIELDS  OF  WHEAT,  OATS  AND   POTATOES  ON  ALFALFA 

LAND. 

Apiil  25,  1899,  acre  plat  8,  all  of  which  had  been  plow- 
ed the  previous  fall,  was  harrowed  twice  and  leveled  or 
l)lanked  twice.  The  east  one-third  of  the  plat  was  planted 
to  wheat  by  drilling  north  and  south,  so  one-half  would  be 
on  the  alfalfa  land  and  the  other  half  on  that  part  of  the 
plat  which  had  been  growing  other  crops.  In  like  manner 
oats  and  potatoes  were  planted  on  the  other  two-thirds  of 
the  plat.  In  planting  the  potatoes  the  west  third  of  the 
plat  was  again  plowed,  dropping  the  seed  in  every  third 
furrow.  The  comparative  lengths  of  straw  and  heads  of 
the  oats  and  barley  are  well  shown  in  our  illustration  made 
f i-om  a  photograph  of  as  neaily  avei age  plants  as  could  be  se- 
lected from  each  portion  of  the  plat.  The  appearance  of 
the  oats  at  each  end  of  the  plat  is  shown  in  the  illustration 
used  as  frontispiece.  The  divisions  were  not  made  equal, 
and  the  area  of  each  crop  varied  somewhat,  so  the  results 
are  all  reported  on  the  acre  basis.    What  the  lasting  effect 
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is  on   the  soil   will   only  be   known  after  other  seajsons' 
croi>s  have  been  studied. 

WHBAT — The  increase  in  yield  on  alfalfa  land  is 
shown  in  Table  1.  Over  60  percent  larger  yield  was  ob- 
tained on  the  north  side  of  the  plat  where  alfalfa  had  been 
grown  before,  and  the  grain  weighed  more  per  bushel. 
However,  the  conditions  of  growth  being  so  ranch  better, 
it  took  longer  to  mature  and  the  grain  was  not  fully  ripe 
when  it  was  lightly  frosted  on  August  24.  There  was  a 
smaller  number  of  smutted  heads  also  in  the  grain  on  the 
alfalfa  end  of  the  field.  At  local  market  prices  an  increase 
of  seven  to  twelve  dollars'  worth  of  wheat  per  acre  was 
the  result  of  using  alfalfa  ground  on  which  to  plant  it. 
As  shown  above,  fertilizing  the  land  with  alfalfa  cost 
nothing,  as  the  value  of  the  hay  produced  was  equal  to  oth- 
er crops  on  the  other  part  of  the  land. 

Table  1. —  H^heat,     Scotch  of  Scotch,     Laramie,  i8gg. 


Part  of 
Plat 

Area 

Date 
Planted 

Date 
Ripe 

Heisht 

of 
Grain 

a. 00 

3.75 

Length 
H^ds 

A' 

0.25 

0.30 

Per  ceni 
ot  Smut 

Yield 

per  acre 

Straw 

and 

Grain 

Yield'  -1 

acre  5^ 
Grain    >  % 

South  (rotation) . . . 
North  (alfalfa  land) 

acres 

0.14 

0.17 

April  27 
April  27 

Sept.  7 
Sept.  14 

17.6 
10.8 

lbs. 
2805 
5118 

ibs.  Ihi. 
1085  56 
1803       »* 

Gain  on  alfalfa  land 

75 

0.05 

0.8 

222^ 

718  1      % 

OATS.— (Table  2.)  The  yield  of  grain  was  about  48 
|)ercent  greater  on  the  alfalfa  land  than  on  the  land  which 
had  been  growing  potatoes  and  grain.  Nearly  78  bushels 
per  acre  was  produced  on  the  north  (alfalfa)  end  of  the 
plat  and  37  bushels  per  acre  on  the  other  land,  using  the 
weight  of  32  pounds  i>er  bushel  for  the  computation.  The 
grain  stood  nearly  one  and  one-half  feet  higher  and  the 
heads  averaged  nearly  two  inches  longer,  but  the  grain 
took  much  longer  to  ripen  on  the  alfalfa  land.     Unfortu- 


Alfalfa  as  a  Fertilizer. 


105 


nately  the  comparative  weight  of  the  oats  for  the  two 
kinds  of  land  can  not  be  given,  as  one  of  the  records  was 
lost.  They  weighed  43  pounds  per  bushel  from  the  alfal- 
fa ground.  Plowing  under  alfalfa  stubble  increased  the 
value  of  the  crops  about  f  16  per  acre  at  the  market  price 
in  Laramie,  and  the  fertilizing  was  done  without  expense. 

Table  II. — Oats.     Highbred.     Laramie,  iSgg. 


^AWT  OF  Plat 

Area 

Date 
Planted 

Date 
Ripe 

Height 
Grain 

Length 
Heads 

Yield 

per  acre 

Straw 

and 
Grain 

Yield 

P«- 
acre 

Grain 

Weight 
per  bushel 

South  (rotation).  .   .   . 
North  (alfol&  land). . . . 

acres 
.14 
.16 

April  27 
April  27 

Aug.  26 
Sept.  6 

ft- 

2.8 

4.2 

A 

0.50 

0.65 

lbs. 
2744 
7529 
4785 

lbs. 
1198 
2484 

lbs. 

•      •      • 

43 

Gain  oo  alfalCai  land  .  . 

1.4 

0.15 

1291     1      - 

POTATOES. — The  potato  crop  of  last  season  was  a 
failure.  It  was  the  first  season  since  1893  that  potatoes 
have  not  produced  good  yields  on  the  Experiment  Farm. 
The  reason  seems  traceable  to  the  unusually  short  season 
with  cold  nights  and  generally  poor  growing  weather. 
However,  our  results  th  show  the  effect  of  plowing  under 
alfalfa  for  potatoes  are  comparable  and  show  the  effect  on 
the  crop  as  well  as  would  be  the  case  if  the  yields  were 
large.  The  yield  of  marketable  potatoes  was  increased 
over  62  percent  on  the  alfalfa  land  and  the  potatoes  aver- 
agtHi  larger  in  size.  The  increased  cash  value  of  the  crop 
was  about  flH  per  acre  at  local  market  prices,  at  no  cost 
for  the  improvement  in  the  soil  which  caused  the  increase. 

Table  III. — Potatoes.     Early  Ohio.     Laramie,  iSgg. 


Part  of  Plat 

Area 

Date 
Planted 

Date 
Harvested 

1 

Yield       1      Yield 
per  acre       per  acre 
Nfarkeuble        Snuill 

t 

Total 

Yield 

per  acre 

Per  cent 
Marketable 

South  (rotation).  .   . 
North  (al6tIfaUnd).. 

acres 

0.13 

0.16 

May  18.19 

4« 

1  Sept.  30  i 

)    Oct    7  f 

<< 

lbs. 
1^16 
4219 

528 
663 

lbs. 
3144 
4882 
1738 

83.2 

86.4 

Gain  on  al&Ifit  land  . 

1603 

135 

3.2 
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SUMMABT. 

The  most  important  fertilizer  for  the  arid  region  h 
nitrogen. 

Some  plants,  of  which  alfaJfa  is  one,  have  the  pow^f 
to  fix  in  the  soil  free  nitrogen  of  the  air.  They  do  this  bv 
means  of  micro-organisms  which  form  bunches  or  nodules 
on  the  roots. 

Therefore  growing  alfalfa  on  the  land  increases  the 
amount  of  nitrogen  in  the  soil  and  practically  solves  the 
fertilizer  problem  for  the  west. 

Alfalfa  also  improves  the  soil  tilth  by  shading  the 
ground  and  adding  humus  to  the  soil  by  the  decay  of  it» 
large,  deep-growing  roots. 

Growing  alfalfa  destroys  weeds. 

The  value  of  alfalfa  harvested  from  one-half  acre  of 
land  for  five  years  at  Laramie  was  about  f5()  more  thau 
the  cost  of  producing  it. 

The  value  of  potatoes  and  grain  from  an  adjoining 
half  acre  for  five  years  was  about  f44  more  thau  the  tost 
of  producing  at  local  prices. 

When  the  alfalfa  land  was  plowed  and  planted  to 
wheat  it  produced  |8  to  |12  more  v.alne  in  wheat  per  acre 
than  the  land  which  had  grown  potatoes  and  grain  before. 

Whtm  alfalfa  land  was  plowed  and  planted  to  oats  it 
produced  fl6  worth  of  grain  more  than  land  which  had 
grown  potatoes  and  grain  before. 

When  alfalfa  land  was  plowed  and  planted  to  pota- 
toes it  gave  fl6  worth  more  of  potatoes  per  acre  than  was 
obtained  from  land  which  had  grown  potatoes  and  grain 
before. 

By  growing  alfalfa,  the  above  inciease  of  yields  and 
values  were  produced  with  absolutely  no  cos?t  for  fertilizing 
the  land. 
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ARTESIAN  BASINS  OF  WYOMING 


W.  C.  KNIGHT. 


Introduction. 


The  object  of  this  bulletin  is  to  place  before  the  citizens 
of  Wyoming  a.  preliminary  treatise  on  the  artesian  basins  of 
this  state  and  show  how  this  infonnation  is  available  for  the 
agriculturist,  stockmen  and  communities  in  general.  In  order 
to  do  this  it  has  been  found  necessary  to  introduce  in  a  very 
brief  manner  a  resume  of  Wyoming  geology.  This  is  of  neces- 
sity technical,  since  there  are  no  common  names  to  be  substi- 
tuted  for  scientific  ones.  I  realize  fully  how  difficult  it  is 
to  popularize  a  subject  of  this  kind  and  at  the  same  time  make 
it  comprehensive  without  writing  page  upon  page  of  explana- 
tion that  would  increase  the  bulletin  beyond  a  reasonable  limit. 
If  I  can  present  the  scientific  information  in  such  a  manner 
that  the  citizens  of  this  state  can  understand  the  essential  fea- 
tures of  our  artesian  basins  and  be  able  to  locate  artesian 
wells,  I  will  feel  that  I  have  fully  accomplished  my  purpose. 

Without  a  scientific  treatise  relating  to  the  artesian  basins 
there  would  be  no  means  of  discussing  the  basins,  locating 
them,  or  referring  to  the  water-bearing  zones.  Scientific 
terms  in  connection  with  the  geology  will,  as  a  rule,  be  de- 
fined, so  that  those  who  are  unfamiliar  with  the  history  of  our 
earth  can  read  intelligently.     To  aid  the  explanations  many 
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illustrations  are  used  and  an  accompanying  map  will  aid  ma- 
terially in  showing  the  distribution  of  the  many  formations. 

The  question  of  securing  good  artesian  water  in  any  part 
of  Wyoming  is  a  very  important  one.  Already,  nearly  all  of 
the  available  water  from  our  streams  has  been  appropriated, 
and  the  springs  and  tiny  brooks  are  being  fenced  up,  so  that 
in  a  few  more  years  not  many  natural  watering  places  will  re- 
main open  for  stock  of  any  kind.  Unless  wells  are  drilled 
large  tracts  of  land  in  our  state,  such  as  the  Red  desert,  the 
desert  north  of  the  Rattlesnake  mountains  and  country  north 
of  Casper  will  remain  as  they  are  today — winter  sheep  ranges 
— winter  ranges  because  the  flockmaster  depends  on  snow  to 
water  his  herd.  If  wells  are  to  be  drilled  the  artesian  well  is 
the  most  desirable.  Unless  the  supply  of  water  can  be  greatly 
increased  large  tracts  of  valuable  land  must  remain  as  grazing 
land  only — of  little  value  to  the  owner  since  it  produces  so  lit- 
tle, and  an  obstacle  to  the  state  because  it  cannot  be  taxed  for 
hay  or  agricultural  land  in  place  of  grazing.  The  Powder 
River  country,  which  is  as  a  rule  low  and  fertile  land,  has  not 
sufficient  water  to  irrigate  lo  per  cent  of  the  vast  area.  On 
the  south  side  of  the  Ferris  and  Seminoe  mountains  agricul- 
ture is  an  impossibility  under  existing  conditions,  since  there 
are  no  streams  of  any  consequence  along  these  ranges.  North 
of  the  Shirley  mountains  conditions  are  similar,  as  they  are  in 
numerous  other  places  in  the  state.  Imagine  what  would  hapH 
pen  if  all  pf  the  country  east  of  the  Laramie  mountains  could 
be  irrigated. 

How  far  artesian  wells  will  solve  any  of  these  problems 
remains  for  experiment  to  prove ;  but  without  question  they 
will  be  found  beneficial  in  many  instances,  and  when  a  system 
of  deep  well  drilling  has  been  inaugurated  the  water  supply 
will  be  sufficient  to  carry  on  irrigation  on  a  large  scale.  One 
has  to  go  only  to  Dakota  to  realize  the  possibilities  of  irriga- 
tion bv  means  of  artesian  water.     Artesian  basins  are  numer- 
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ous  in  Wyoming  and  some  of  them  are  very  large  and  es- 
pecially well  located.  So  far  but  little  attention  has  been  given 
to  this  subject.  A  few  shallow  wells  have  been  drilled  in 
several  counties,  but  none  of  them  have  gone  to.  .a  sufficient 
depth  to  secure  a  large  flow.  Few,  if  any,  have  thus  far  con- 
templated sinking  deep  wells  with  a  view  of  obtaining  more 
than  a  slight  flow.  To  those  who  wish  to  increase  their  pres- 
ent water  supply  I  refer  to  the  artesian  wells  of  Dakota,  where 
in  a  few  instances  water  has  poured  forth  under  a  pressure  of 
150  pounds  per  square  inch  and  has  been  used  as  a  water 
power  as  well  as  to  irrigate  with.  The  Dakota  artesian  basin 
depends  largely  upon  the  Black  Hills  for  its  water  supply; 
possibly  this  may  be  augmented  by  the  waters  from  the  Big 
Horn  mountains,  but  this  is  not  prpbable.  Judging  from  the 
source  of  the  water  in  many  of  the  Wyoming  basins,  the  ar- 
tesian wells  in  this  state  should  equal  any  that  have  been 
drilled  in  South  Dakota.  The  high  mountains,  clothed  with 
pine  and  spruce  forests,  and  the  peaks  of  perpetual  snow,  fur- 
nish day  by  day  a  constant  water  supply  which  sinks  down 
between  the  strata  and  may  be  tapped  with  a  drill  a  thousand 
or  more  feet  lower  than  the  source. 

The  data  employed  in  this  bulletin  have  been  collected 
by  me  during  the  last  four  summers.  Occasional  refeoencef 
are  made  to  some  of  the  earlv  reconnaisance  surveys ;  but  all 
of  the  structural  features  have  been  workd  out  from  field 
notes.  The  geological  map  embodies  all  that  is  known  of  the 
geology  of  Wyoming  up  to  date.  All  of  the  early  maps  have 
been  examined  and  their  data  used  so  far  as  it  harmonizes 
with  recent  investigations.  This  map  can  only  be  considered 
reconnaisance  work ;  hence  an  allowance  will  have  to  be  made 
for  variations  in  boundaries  between  eras  and  in  a  few  places 
for  structure.  For  example,  the  countiy  east  of  Laramie 
peak  and  at  the  head  of  the  Wind  river  are  not  well  known 
and  more  than  likely  the  geology  of  all  of  Uinta  county  north 
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of  the  Oregon  Short  Line  railroad  needs  careful  revision. 
There  are  numerous  small  areas  all  along  the  east  side  of  the 
Laramie  mountains  that  have  not  been  examined.  There  are 
in  fact  numerous  places  all  over  the  state  where  greater  detail 
can  only  be  worked  out  by  careful  examination.  The  map  has 
been  constructed  to  illustrate  the  distribution  of  the  various 
formations  in  the  state  and  to  act  as  a  key  to  structural  ge- 
ology. For  these  purposes  it  will  be  found  very  reliable,  and 
those  interested  in  securing  artesian  wells  will  find  it  a  valu- 
able aid.  No  attempt  has  been  made  to  show  the  topographical 
features,  since  only  a  very  small  portion  of  the  state  has  been 
surveyed.  Accompanjdng  the  bulletin  there  are  nmerous 
geological  sections  which  will  be  found  to  be  indispensable  in 
considering  the  structure  of  the  various  artesian  basins. 

Judging  from  what  has  been  done  in  the  past,  it  will  be 
many  years  before  the  citizens  of  this  state  will  attempt  to 
increase  the  water  supply  by  means  of  artesian  wells  and  it 
may  be  possible  that  the  state  may  have  to  lend  aid  to  this  very 
commendable  enterprise.  It  will  be  well  for  our  next  legisla- 
ture to  consider  the  advisability  of  drilling  test  wells  in  the 
artesian  basins  where  water  is  most  needed,  and  in  this  way 
encourage  ranchmen  to  drill  for  themselves.  In  case  test  wells 
are  put  down  by  the  state,  the  location  should  be  carefully 
selected  and  only  deep  wells  drilled.  Otherwise  many  would 
be  discouraged  on  account  of  slight  flows. 

I  take  this  opportunity  to  thank  the  United  States  Geolog- 
ical Survey  for  electrotypes  of  the  Fort  Benton  and  Niobrara 
fossils,  used  in  this  bulletin ;  also  to  thank  Prof.  Charles  Ful- 
ton for  assisting  me  in  drawing  the  map  and  sections,  and 
Mr.  Frank  Bond  for  producing  such  excellent  drawing^  of 
fossils,  which  add  so  much  to  the  bulletin. 
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In  the  following  pages  will  be.  found  a  very  brief  descrip- 
tion of  the  geological  formations  known  in  Wyoming.  An  at- 
tempt has  been  made  to  describe  the  various  formations  so 
that  people  residing  in  any  part  of  the  state  can  work  out  for 
themselves  the  geology  of  their  region  and  conclude  whether 
or  not  they  wish  to  attempt  drilling  for  artesian  water.  Prior 
to  describing  the  formations  I  have  introduced  a  scheme  show- 
ing the  nari\es  and  subdivisions  of  geological  time  as  applied 
to  W  yoming  geology.  The  top  of  the  scale  represent;?  the  lat- 
est formation  and  the  bottom  the  oldest. 


.Pleistocene 


Cenozoic 


'Tertiary. 


/'Recent. 
<  Champlain. 
(Glacial. 

/pliocene  ? 
)  Miocene. 
\  Oligocene. 
Eocene  ... 


'Laramie 


(  Bridger. 

<  Green  River. 

(  Wasatch. 

P'ort  Union? 
er  Laramie. 


Montana. 


Cretaceous, 


3  Fort 
{  hovr 

I 


Fox  Hill. 
Fort  Pierre. 


Icolorado \  ^'"J"^'*; 

{  Fort  Benton. 


Mesozoic 


Bear  River. 
.Dakota. 


Jurassic. 
.Triassic. 


fComo. 
(^  Shirley. 


Talkozoic. 


Protkrozoic. 
(Eozoic) 


Azoic 


Permian. 

,  Carboniferous  ....  J  Upper. 
'  I  Lower. 

Devonian. 

J  Silurian  (absent) 

Ordovician. 

.Cambrian '  Upper. 

(  Middle. 

}  Algonkian -j  Not  subdivided. 

]  Archnean .[No  natural  subdivis 


ivisions. 


112  Wj^otning  Experiment  Station. 

Before  taking  up  the  geological  discussion  it  must  be  un- 
derstood that  nearly  all  of  the  stratified  rocks  have  been  de- 
posited in  seas  or  fresh  water  lakes.  The  name  stratified  rocks 
includes  limestones,  sandstones,  shales,  slates,  conglomerates, 
as  well  as  most  of  the  clays  and  marls.  During  the  geological 
history  of  our  earth  all,  or  nearly  all,  of  the  land  has  been  cov- 
ered with  water,  and  usually  many  times.  If  there  were  no 
seas  or  lakes,  no  rocks  were  deposited,  and  the  formation  is 
absent.  One  can  form  a  better  idea  of  geological  time  if  he 
will  consider  that  there  have  been  constant  changes  in  both 
sea  bottom  and  land  surfaces.  The  period  in  which  a  sea 
bottom  was  gradually  settling  means  that  there  was  deposited 
a  very  thick  band  of  rocks.  If  the  sea  was  deep  and  water 
clear,  limestones  were  made.     If  clear,  limestones  were  also  ^ 

made  in  shallow  water.  Along  coast  lines,  where  sand  was 
produced,  sandstones  were  formed,  together  with  other  strata 
as  conglomerates  and  breccias.  In  gulfs  and  bays  where  there 
were  large  rivers  emptying,  fine  sediment  and  mud  accumu- 
lated, which  were  later  compressed  into  shale.  If  a  formation 
is  present  in  Wyoming,  it  means  that  a  sea  or  lake  existed 
during  that  period ;  if  absent,  it  means  that  the  state,  or  that 
part  of  the  state  in  which  the  strata  are  absent,  was  dry  land. 
In  the  same  way  we  can  judge  of  the  duration  of  a  geological 
period  by  considering  the  thickness  of  the  rocks  deposited. 
For  example,  the  Paleozoic  rocks  in  Wyoming  are  not  to  ex- 
ceed 3,000  or  4,000  feet  thick,  while  in  Pennsylvania  they  are 
over  ten  times  that  thickness.  From  this  we  gather  that  Wyo- 
ming was  dry  land  for  the  greater  part  of  the  Paleozoic  era. 
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Azoic  Era. 


This  represents  geological  time  prior  to  the  appearance  of 
life  on  earth.  The  rocks  are  chiefly  granite,  and  none  of  the 
metamorphosed  sediments  are  included. 

THE  ARCHAEAN  PERIOD. 

The  name  Archaean  applies  to  the  oldest  rocks  that  we 
know  anything  about  on  our  earth.  Usually  they  are  granite, 
gneisses  and  schists,  with  granite  predominating.  Originally 
the  Archaean  not  only  included  the  above  rocks,  but  also  very 
thick  bands  of  metamorphosed  sediment,  which  have  recently 
been  separated  from  the  Archaean  by  the  United  States  Geolog- 
ical Survey  and  called  the  Algonkian.  In  accordance  with  the 
Canadian  geologists,  the  Archean  is  divided  into  the  Lauren- 
tian  and  Huronian,  the  Huronian  being  largely  metamor- 
phosed sediment.  Under  the  more  recent  classification  the 
Huronian  belongs  with  other  formations  to  the  Algonkian. 
The  name  Archaean  restricted  as  given  above,  has  in  it  no  evi- 
dence of  life  or  anything  pertaining  to  life.  The  rocks  were 
in  all  probability  of  eruptive  origin  and  represent  the  so-called 
crust  of  our  earth  prior  to  the  deposition  of  any  sediment. 
Other  views  are  held  as  to  the  origin  of  these  rocks ;  but  the 
question  of  origin  cannot  be  discussed  here.  The  Archaean, 
then,  is  the  fundamental  or  primary  formation  that  formed  at 
one  time  the  entire  sea  bottom  and  the  entire  land  masses — a 
formation  universal.  All  of  the  sedimentary  depositions  have 
tended  to  bury  these  oldest  rocks  and  in  consequence  there 
are  only  occasional  areas  exposed,  and  the  most  of  these  in 
Wyoming  occur  along  the  crests  of  the  mountain  ranges; 
when  huge  folds  elevated  them  while  they  were  covered  with 
many  thousand  feet  of  sedimentary  rock.  The  sedimentary 
rocks  have  since  been  removed  by  erosion.    In  the  Sweetwater 
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valley  there  are '  numerous  peaks  of  granite  that  appear  to 
have  been  constantly  above  the  sea  since  the  beginning  of  the 
I  Archaean  era.    There  was  in  all  probability  a  large  Archaean 

i  land  mass  in  this  region  that  remained  above  the  sea  from 

i  Archaean  time  up  to  nearly  the  close  of  the  Tertiary,  when  it 

i  was  depressed  and  covered  with  a  few  hundred  feet  of  Ter- 

]  tiary  strata.    Typical  Archaean  exposures  can  be  seen  at  Sher- 

man, Laramie  peak,  east  of  Whalen  canon,  along  the  Big 
Horn,  Wina  River,  Uros  Ventre,  Medicine  Bow,  Ferris,  Semi- 
noe  and  Owl  Creek  ranges,  ^i(mg  the  Sweetwater  river,  a  few 
miles  northwest  of  Rawlins,  and  north  of  Clark's  Fork,  in  Big 
Horn  county.  These  rocks  are  usually  mineral-bearing  and 
when  cut  with  dikes  of  porphyry  make  the  conditions  ideal 
for  the  occurrence  of  all  of  the  precious  metals. 

The  only  way  that  this,  the  oldest  of  formations,  can 
affect  the  artesian  basin,  is  that  it  forms  the  highest  mountain 
ranges,  where  vast  quantities  of  snow  accumulate  during  the 
winter  to  feed  the  basin  with  water  during  the  siunmer  months, 
and  also  forms  a  bed  rock  in  many  localities  on  which  rests 
the  lowest  and  the  greatest  water  zones  in  the  state.  The  term 
bed-rock  as  used  in  connection  with  this  bulletin,  means  the 
Archaean  granite.  Springs  are  quite  numerous  in  this  forma- 
tion, but  since  the  rocks  are  not  stratified  there  are  no  water- 
bearing zones  that  can  be  traded.  Wells  of  the  very  best 
water  can  be  found  in  the  granite  rocks  and  occasionally  the 
water  will  rise  to  the  surface  and  flow  in  a  small  stream. 
Usually  wells  put  down  in  these  rocks  have  to  be  provided  with 
some  means  to  elevate  the  water. 
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Proterozoic  Era. 

(eozoic.) 


This  marks  the  first  era  of  sedimentation ;  also  the  intro- 
duction of  life  on  earth.  The  rocks  are  usually  sedimentaries 
that  have  undergone  extensive  metamorphism,  and  are  schists, 
marbles  and  quartzites,  together  with  intrusive  bands  of 
eruptive  rock.  They  are  also  acutely  folded  and  nearly  all  of 
the  evidence  of  fossil  remains  has  been  obliterated.  The  Pro- 
terozoic also  marks  the  first  great  mountain-making  period  of 
our  earth.  These  rocks  are  found  unconformable  with  the 
Archaean. 

ALGONKIAN. 

Up  to  the  present  time  the  Algonkian  rocks  of  Wyoming 
have  been  referred  to  the  pre-Cambrian  and  have  not  been 
separated  from  the  Archaean.  They  form  important  bands  in 
numerous  localities  and  have  in  this  bulletin,  so  far  as  the 
data  have  warranted,  been  separated  from  the  Archaean.  The 
formation  is  composed  of  schists  in  great  profusion,  marbles, 
quartzites  and  these  cut  with  dikes  of  eruptive  rocks.  The 
strike  of  the  entire  formation  varies  from  north  to  northeast, 
and  the  dip  of  the  strata  is  seldom  less  than  65  or  75  degrees. 
It  is  unconformable  with  the  Archaean  and  is  found  in  great 
granite  basins.  The  thickness  of  the  entire  series  has  not  been 
absolutely  measured,  but  including  the  eruptive  band,  which 
does  not  form  an  important  part,  the  maximum  thickness  in 
Wyoming  is  about  20,000  feet.  Typical  areas  have  been  found 
in  the  Black  Hills  in  Wyoming,  and  occasional  outcrops  .to  the 
southwest  from  that  place  to  the  Hartville  hills — one  expos- 
ure being  east  of  Lusk,  another  at  Rawhide  Butte,  and  a  large 
one  in  Whalen  canon.  They  also  occur  at  Halleck  canon, 
Plumbago  canon,  in  the  Medicine  Bow  mountains,  nearly  all 
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of  the  Sierra  Madre  mountains,  in  the  Seminoe  mountains 
and  in  the  Sweetwater  mining  district  of  the  Wind  River 
range.  None  of  these  localities  have  been  examined  in  detail ; 
but  sufficient  work  has  been  done  to  prove  that  these  rocks 
were  at  one  time  sedimentary  and  that  they  have  been  changed 
by  metamorphism  to  schists.  In  the  Sweetwater  districts  the 
rocks  are  chiefly  schists ;  but  there  are  many  bands  of  eruptive 
rock  that  form  dikes  which  follow  the  strike  of  the  foniiation 
We  have  every  reason  for  believing  that  life  was  bom  on 
earth  during  the  Algonkian  period;  in  fact  a  few  fossils  iia\c 
been  reported  from  rocks  supposed  to  belong  to  this  formation. 
At  the  close  of  this  period  in  Wyoming  there  is  evidence  that 
great  mountain  ranges  were  formed.  A  very  prominent  one 
extended  from  the  Laramie  mountains  north  and  east  to  the 
Black  Hills,  the  remnants  of  which  are  still  visible.  .A  sec- 
ond prominent  range  extended  from  South  Pass  northeast  to 
an  unknown  distance.  After  the  mountains  were  formed  thev 
remained  dry  land  a  sufficient  length  of  time  to  have  these 
ranges  reduced  to  mere  hills,  and  in  many  places  to  almost 
plains,  and  upon  their  upturned  edges  was  deposited  the  Cam- 
brian strata.*  On  account  of  the  strata  being  highly  inclined 
and  ther  being  no  basins  in  which  water  could  accumulate  un- 
der much  head,  none  of  this  series  can  be  seriously  consiiiered 
as  valuable  artesian  basins.  However,  a  small  flow  of  artesian 
water  may  be  found  in  several  of  these  areas. 


♦In  Mirhican,  the  Algonkian  rocks  contain  very  extensive  deposit<;  of  both  iron  and 
copper  and  usually  they  arc  mineralized  wherever  found.  In  Wyoming  mines  of  gold,  <^p> 
per,  silver,  lead  and  irtui  tjccur,  in  the  camps  at  South  Pass,  Encampment,  Seminoe  and  the 
Blatk  Hills. 
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The  Paleozoic  Era. 


The  Paleozoic  rocks  in  Wyoming  rest  unconformably 
upon  the  Archean  and  Algonkian,  and  vary  in  thickness  from 
I, coo  to  4,000  feet.  Along  the  Appalachian  mountains  rocks 
of  the  same  era  have  a  thickness  of  40,000  or  50,000  feet.  In 
Wyoming  the  Paleozoic  rocks  are  nearly  all  limestones,  with  a 
few  bands,  of  calcareous  sandstone,  some  sandstone,  quartzites 
and  conglomerates.  These  occur  along  the  mountain  sides, 
dipping  at  various  angles  and  sometimes  reaching  elevations 
of  9,000  or  10,000  feet.  Along  the  western  flank  of  the  Big 
Horn  and  the  eastern  flank  of  the  Wind  River  range  these 
rocks  extend  from  the  granite  to  the  base  and  practically  cover 
the  mountain  slopes.  Upon  reaching  the  foot  of  the  ranges 
the  Paleozoic  rocks  dip  beneath  later  formations.  From  a  life 
standpoint  the  Paleozoic  era  was  the  first  important  period  in 
the  world's  history.  Life  had  existed  for  some  time  prior  to 
the  advent  of  this  era;  but  it  was  represented  so  far  as  we 
know  only  by  a  few  inferior  sea  animals  and  the  impressions 
of  these  have  been  largely  obliterated  through  the  metamor- 
phism  of  the  strata.  Conditions  changed  at  the  commence- 
ment of  the  Paleozoic  and  for  the  first  time  in  the  world's 
history  the  seas  were  teeming  with  invertebrate  life.  Associ- 
ated with  these  were  numerous  kinds  of  sea  weeds.  The  life 
was  very  simple  to  start  with,  but  as  geological  time  went  on 
it  became  more  and  more  complicated.  The  sea  life  changed 
from  invertebrates  to  vertebrates  (fishes).  Some  of  the  in- 
vertebrates of  the  sea  developed  into  land  animals  ( insects  y. 
so  that  from  the  beginning  to  the  close  the  era  is  one  of  great 
biological  progress.  From  the  fishes,  amphibians  developed, 
and  from  the  amphibians  reptiles,  which  represented  the  high- 
est type  of  animal  life  known  at  the  close  of  the  Paleozoic. 
The  plant  life  also  developed  in  a  similar  way.    The  sea  weeds 
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developed  into  land  plants  and  these  into  shrubs  and  finally 
into  large  trees^  which  made  great  forests,  but  the  highest 
form  of  vegetable  life  was  far  from  representing  the  decidu- 
ous trees  of  today.  From  an  economic  standpoint  the  Paleo- 
zoic in  Wyoming  is  of  but  little  importance,  the  building  ma- 
terial and  the  production  of  iron,  oil  and  gas  being  the  only  pro- 
ducts. In  the  east  and  in  other  countries,  it  was  in  the  Paleo- 
zoic that  the  great  Carboniferous  coal  fields  were  formed. 
Along  the  Appalachian  mountains  there  are  great  fields  of 
oil  and  gas,  as  well  as  beds  of  salt,  clay,  gypsum  and  iron  ore. 
In  the  Mississippi  valley  these  rocks  contain  vast  deposits  of 
lead  and  zinc.  In  Wyoming,  this  series,  although  very  thin, 
must  be  considered  as  essential  bands,  since  they  are  found  ex- 
tending to  high  points  along  the  mountains  and  act  not  only 
as  large  storage  reservoirs  but  also  furnish  hydrostatic  press- 
ure. Again  they  are  important  since  the  water  found  in  them 
is  usually  quite  free  from  alkali  and  other  injurious  ingredi- 
ents. 
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CAMBRIAN  PERIOD. 

This  was  the  first  geological  period  in  which  life  be- 
came of  much  importance  on  our  earth.  The  records  of  the 
rocks  prove  conclusively  that  all  life  was  confined  to  the  sea, 
and  was  represented  by  lower  forms  of  the  animal  and  vege- 
table kingdoms.  While  deposits  thousan(fs  of  feet  thick  were 
collecting  in  the  eastern  part  of  the  United  States,  Wyoming 
was  dry  land,  but  became  partly  submerged  near  the  close  of 
this  period.  There  are  no  Cambrian  rocks  known  m  south- 
eastern Wyoming;  but  in  the  central  part  and  in  the  north 
and  west,  the  strata  reach  a  thickness  of  from  a  few  hundred 
to  about  i,ooo  feet.  The  lower  portion  of  this  series  is  made 
up  of  conglomerates  and  sandstones  that  are  usually  metamor- 
pRosed  into  quartzites ;  the  upper  is  nearly  all  limestone.  The 
later  beds  are  exposed  only  in  northern  Wyoming,  while  the 
reddish  sandstones,  conglomerates  and  quartzites  are  exposed 
as  far  south  as  Rawlins  and  form  the  major  part  of  the  Cam- 
brian northward  into  the  Wind  River  and  Big  Horn  moun- 
tains. These  strata  form  the  lowest  bands  in  many  of  the 
artesian  basins,  since  they  rest  either  upon  the  Archean  or 
upturned  edges  of  the  Algonkian  rocks.  This  is  a  very  im- 
portant water-bearing  formation  and  will  probably  be  the 
greatest  in  any  of  the  basins  where  the  Cambrian  rocks  occur. 
They  will  usually  be  found  encircling  the  Archaean  masses,  and 
typical  exposures  can  be  seen  at  Whalen  canon,  east  of  Sun- 
dance, northwest  of  Rawlins,  along  the  Grand  Canon  of  the 
Platte,  near  Miner's  Delight,  along  the  Big  Horn  and  Wind 
River  mountains. 
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SOME  CAMBRIAN   F088IL8  SELECTED   FRQM   VARIOUS 

SOURCES. 

[Explanation  of  Plate  I.] 

No.    I — Paradoxides  bohenticus,  Barr. 

No.    2 — Olenellus  kjerulfi. 

No.    3 — Olenus  truncatus,  Brisnn. 

No.    4 — Holopea  sweeti,  Whitfield. 

No.    5 — Ophileta  pritnordailis,  Whitfield. 

-    50 — Side  view  of  No.  5. 
No.    6 — 'Bellerphon  antiquatus,  Whitfield. 
No.    7 — Orthis  (Protorthis)  billingsi,  Walcott. 
No.    8 — Linnarssonia  transversa,  Walcott. 
No.    9 — Triplesia  (Camarella)  primordialis,  Walcott. 
No.  10 — Lingulepis  antiqua,  Hall. 
No.  II — Stenotheca  arcadia,  Walcott. 
No.  12 — Matheria  variabilis,  Walcott. 
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THE  ORDOVICIAN  PERIOD. 

(lower  Silurian). 

At  the  close  of  the  Cambrian  all  of  Wyoming  was  elevated 
above  the  sea  and  remained  so  for  long  periods  of  time;  but 
the  northern  half  of  the  state  was  submerged  near  the  close 
of  the  Ordovician  period,  which  allowed  strata  to  accumulate 
to  a  thickness  of  from  600  to  900  feet.  These  rdcks  are  light 
colored,  thick  bedded  limestones  and  sandstones,  but  contain 
very  little  fossil  life.  The  Ordovician  period  was  one  of  great 
importance  in  geological  history.  Prior  to  this  time  the  life 
was  represented  by  sea  life  only  and  the  highest  types  were  in- 
vertebrates. During  this  period  insects  made  their  first  ap- 
pearance on  the  land  and  fishes  in  the  sea.  It  was  also  marked 
by  the  general  advancement  of  invertebrate  life,  and  trilobites 
reached  their  maximum  of  development.  Rocks  of  this  period 
are  found  along  the  Wind  River  and  Big  Horn  mountains, 
where  they  extend  to  points  of  considerable  elevation.  The 
strata,  being  sandstones  and  limestones,  are  of  great  impor- 
tance in  the  vicinities  where  they  occur,  and  are  practically  as 
valuable  for  artesian  wells  as  the  Cambrian.  The  supply  of 
water  will  usually  be  large  and  will  flow  under  great  pressure. 
Good  exposures  of  Ordovician  can  be  seen  two  or  three  miles 
northeast  of  Miner's  Delight,  along  Beaver  creek,  near  the 
head  of  Warm  Spring  creek,  a  few  miles  above  Dayton,  and 
eight  or  ten  miles  west  of  Hartville.  In  Wyoming  nothing  of 
comercial  importance  has  been  found  associating  within  these 
rocks  except  building  material.  In  Ohio  the  Ordovician  pro- 
duces natural  gas  and  petroleum. 

« 

SILURIAN  PERIOD. 
(upper  Silurian). 
So  far  as  known  there  are  no  Silurian  rocks  in  Wyoming. 
Many  geologists  have  reported  the  Silurian,  and  in  the  reports 
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of  Hayden  the  term  is  used.  In  the  most  of  these  cases  the 
Cambrian  was  considered  Silurian,  together  with  the  thin  band 
of  Ordovician  or  Lower  Silurian.  So  far  as  our  present  inves- 
tigations have  proven,  Wyoming  was  dry  land  during  the 
Silurian,  as  it  had  been  the  greater  portions  of  the  Cambrian 
and  Ordovician.  Owing  to  the  absence  of  the  Silurian  rocks, 
and  slight  importance  of  the  Devonian,  plates  of  fossils  illus- 
trating these  periods  have  been  omitted. 


DEVONIAN  PERIOD. 

This  is  the  "Old  Red  Sandstone"  period.  By  others  it  has 
been  called  the  age  of  fishes.  It  is  only  recently  that  the  Devo- 
nian has  been  reported  from  this  state,  and  all  that  is  at  present 
known  of  it  is  confined  to  the  northwestern  corner  of  Big 
Horn  county  and  Yellowstone  park.  It  is  highly  probable  that 
thin  bands  may  also  be  found  in  the  Big  Horn  mountains. 
In  the  eastern  part  of  the  United  States  they  attain  a  thickness 
of  several  thousand  feet,  while  in  Wyoming  they  are  only  250 
feet.  The  strata  are  chiefly  limestones  in  which  there  are  a 
few  typical  species  of  invertebrates.  Ncf  fishes  have  been  re- 
ported. In  considering  the  many  phases  in  geological  history, 
there  are  numerous  important  events  that  should  be  recorded ; 
but  only  a  very  brief  reference  will  be  made.  Prior  to  this  pe- 
riod we  have  little  or  no  evidence  that  forests  ever  existed; 
but  during  the  Devonian  they  were  extensive  enough  to  form 
veins  of  coal.  Vertebrate  life  was  introduced  on  land  in  the 
form  of  amphibians  (frog-like  animals).  The  seas  were  filled 
with  fishes.  At  no  other  period  in  the  world's  history  did  so 
many  fishes  live.  They  were  not  like  the  most  of  the  fish  that 
we  are  acquainted  with  today,  but  belonged  to  an  old  type 
which  is  represented  in  our  rivers  by  the  sturgeon. 

In  Wyoming  the  Devonian  rests  conformably  upon  the 
Ordovician.     Nothing  of  economic  importance  has  been  re- 
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SOME  ORDOVICIAN   FOSSILS. 

[Explanation  of  Plate  II. j 

No.    I — Ceraurus  pleurexanthemus,  Walcott. 

An  Ordovician  Trilobite. 
No.    2 — Orthis  (Platystrophia)  biforata,  Hall. 
No.    3 — Lingula  quadrata,  Hall. 
No.    4 — Lichas  trentonensis,  Meek. 
No.    5 — Cry  toe  eras  subanunlatum,  D'Orb. 
No.    6—Ambonyehia  radiaia,  Hall. 
No.    7 — Crytolites  compressus,  Hall. 
Xo.    8 — Conularia  trentonensis,  Hall. 
No.   9 — Ambonychia  bellistrata,  Hall. 
No.  lo — RaAnesquina  alternata,  'hJlttk, 
No.  1 1 — Orthis  oceidentalis,  Hall. 
No.  no — Orthis  oceidentalis,  Hall.     Side  view. 
No.  12 — Cyclonema  bilex,  Conrad. 


t  
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ported  from  these  strata ;  but  in  the  east  they  supply  both  oil 
and  gas,  and  in  England  they  contain  thin  beds  of  coal.  On 
account  of  the  very  limited  occurrence  these  rocks  enter  into 
the  structure  of  the  Big  Horn  artesian  basin  only,  and  yi  this, 
in  the  northwestern  corner,  where  the  formations  are  nearly 
vertical  along  most  of  the  outcrops.  Consequently  they  de- 
serve little  or  no  attention.  They  will  be  found  to  be  water- 
bearing and  possibly  there  may  be  some  tunnel  propositions, 
where  they  may  yield  considerable  water.  Their  high  inclina- 
tion practically  bars  them  from  furnishing  wells. 

CARBONIFEROUS  PERIOD. 

This  period  is  separated  into  upper  and  lower  divisions, 
both  of  which  are  represented  in  Wyoming;  but  neither  is 
of  much  importance  as  compared  with  tho  Carboniferous  for- 
mations of  the  Appalachian  mountains.  The  lower  Carbonif- 
erous series  is  formed  only  in  the  northern  part  of  the  state, 
where  the  strata  are  very  thick  bedded  limestones.  Near 
Miner's  Delight  there  are  strata  of  light  colored  limestone  that 
are  upwards  of  50  feet  in  thickness.  In  the  Wind  River  moun- 
tains this  series  of  rocks  has  a  thickness  varying  from  400  to 
600  feet,  but  seem  to  thicken  to  the  northward.  The  same 
series  of  beds  have  also  been  observed  in  the  Black  Hills  and 
along  the  Big  Horn  range. 

The  upper  Carboniferous  marks  a  period  in  Wyoming 
geolog}'  in  which  the  entire  state  with  the  exception  of  the 
Sweetwater  valley  was  depressed  and  became  a  sea.  Even 
the  southeastern  comer  of  the  state,  that  had  remained  con- 
stant land  since  the  close  of  the  Archaean  era,  was  sub- 
merged. This  subsidence  was  quite  late  in  the  upper  Car- 
boniferous period  and  there  are  only  thin  bands  of  repre- 
sentative rocks,  which  are  the  first  strata  that  are  universaly 
distributed  in  the  artesian  basins  of  Wyoming.  In  no  instance 
have  these  rocks  been  reported  to  be  over  2.200  feet  in  thick- 
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ness,  and  this  must  be  cbnsidered  as  the  maximum  if  not  an 
over-estimate.  Usually  the  thickness  is  less  than  i,ooo  feet. 
The  strata  are  chiefly  limestones  with  calcareous  sandstone, 
and  sandstones  which  Vary  in  color  from  drab  to  pink  and  red. 
Along  the  Laramie  mountains  the  lowest  stratum  is  a  grit  and 
conglomerate,  which  has  been  considered  to  be  Cambrian  by 
some  geologists;  but  there  is  no  evidence  to  prove  this  sug- 
gestion. 

The  life  of  the  Carboniferous  shows  an  improvement  on 
the  life  of  the  Devonian.  The  earlv  forms  of  shell-fish  that 
were  so  numerous  in  early  Paleozoic  periods  have  disappeared 
or  are  disappearing,  and  their  places  filled  with  higher  and 
more  complicated  forms.  Trilobites,  that  were  the  most  com- 
mon form  of  life  during  the  Ordoyician,  have  nearly  disap- 
peared at  the  close  of  the  Carboniferous.  The  vertebrate  life 
of  the  seas  was  made  up  of  several  types  of  fishes.  Many  of 
these  were  large  sharks.  The  land  vertebrates  that  are  known 
were  all  amphibians ;  but  in  all  probability  reptiles  sprang  into 
existence  at  the  close  of  the  Carboniferous.  The  amphibians 
were  of  unusual  size  and  were  the  kings  of  land  life  during, 
this  period. 

The  vegetable  kingdom  had  advanced  equally  as  rapidly 
as  had  the  animal.  The  small  forests  of  the  Devonian  merged 
into  large  ones  during  the  lower  Carboniferous  and  these  into 
great  jungles  and  vast  forests  during  the  upper  Carboniferous. 
The  last  was  the  first  great  coal-making  period,  during  which 
the  great  coal  fields  of  central  and  eastern  United  States,  Eng- 
land and  many  other  countries  were  deposited.  Conditions  fa- 
vored the  rankest  growth  of  vegetation  at  that  time,  which 
accumulated  in  the  marshes  where  it  had  grown  and  was  af- 
terwards buried  beneath  the  rocks  and  changed  to  coal.  All 
of  the  trees  of  this  period  were  lower  types  than  the  deciduous 
trees;  many  of  them  were  similar  to  the  ferns  of  our  day. 
For    example^    the    scouring    rushes    that^  grow    along    our 
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SOME  CARBONIFEROUS  FOSSILS. 

[Explanation  of  Plate  III.] 

Xo.    I — Myalina  subquadrata,  Shumard. 

No.    2 — Chonetes  granulifera,  Owen. 

No.    3 — Aviculopectin  occidentalis,  Shumard. 

No.    4 — Zaphrentis   stanburyi,   Hall.      One-half    natural 

size. 
No.    5 — Productus  nevadensis,  Meek. 
No.    6 — Seminula  argentia,  Hall. 
No.    7 — Spirifernia  pulchra.  Meek. 
No.  ya — Side  view  of  No.  7. 
No.    8 — Goniatites  goniolobus,  Meek. 
No.   9 — Orthis  resupinata,  Martin. 
No.  10 — Productus  longispinus,  Sowerby. 
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streams  and  are  seldom  over  i8  inches  or  2  feet  in  length, 
and  a  quarter  of  an  inch  in  diameter,  were  large  trees  during 
the  Carboniferous  coal  period.  Besides  the  great  accumulation 
of  coal  in  the  Carboniferous,  there  were  beds  of  iron  ore,  fire 
clay  as  well  as  other  clays,  gypsum,  salt,  petroleum  and  gas. 
Petroleum  is  never  found  associated  with  coal  veins.  There 
are  also  deposits  of  lead  and  zinc  ores  in  the  lower  Carbonif- 
erous of  the  Mississippi  valley.  In  Wyoming  the  Carbonifer- 
ous rocks  in  no  way  compare  to  the  series  in  the  east.  They 
do  not  contain  any  coal,  clay,  salt  beds,  gypsimi,  lead  or  zinc, 
nor  do  they  contain  either  oil  or  gas.  The  only  valuable  eco- 
nomic products  thus  far  discovered  have  been  iron  and  copper 
ore,  together  with  building  material.  The  great  iron  deposits 
at  Rawlins  and  Hartville  are  found  in  these  rocks,  as  are  ox- 
idized copper  ores  in  the  same  regions.  In  a  few  localities 
there  are  beds  of  marble  and  marble  onvx. 

Since  these  rocks  occur  in  every  artesian  basin  in  Wyo- 
ming and  are  thicker  than  any  of  the  preceding  formations, 
they  are  worthy  of  special  consideration.  In  southeastern 
Wyoming  the  best  wells  will  be  found  in  these  strata,  and  to 
the  northward  they  will  always  be  found  to  contain  very  valu- 
able water  bands.  As  a  general  rule  water  will  be  found  at 
less  depth  than  in  the  earlier  formations.  Especially  is  this 
^rue  in  localities  where  wells  are  to  be  drilled  near  the  foot 
of  the  mountain,  in  the  Triassic  red  sandstones.  The  supply 
of  water  will  vary  greatly  with  the  localities ;  but  as  a  rule  it 
will  be  found  very  satisfactorily,  and  will  also  be  excellent 
water  for  all  purposes.  Generally  speaking,  these  rocks,  w'th 
the  Permian,  form  the  lower  slopes  of  nearly  all  of  our  moun- 
tain ranges. 

THE  PERMIAN  PERIOD. 

The  Permian  terrane  is  not  well  represented  in  America, 
and  until  recent  years  many  have  objected  to  referring  any  of 
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the  strata  to  this  period.  It  was  a  usual  thing  for  the  geolo- 
gists employed  by  Hayden  to  refer  the  highest  bands  of  the 
Paleozoic  of  Wyoming  to  the  Permian;  but  in  no  case  did 
they  offer  any  evidence  for  so  doing.  Later,  no  one  consid- 
ered any  of  these  strata  as  Permian.  Only  a  year  ago  I  dis- 
covered along  the  flank  of  the  Laramie  mountains  a  formation, 
not  over  200  feet  in  thickness,  that  contains  a  fauna  almost  the 
same  as  has  been  reported  from  the  Kansas  and  Nebraska 
Permian.  There  seems  little  reason  to  doubt  that  these  rocks 
are  widely  distributed  and  are  to  be  found  in  the  Big  Horn 
and  Wind  River  ranges,  as  well  as  in  the  southeastern  corner 
of  the  state.  The  strata  along  the  Laramie  mountains  are 
composed  of  light  colored  limestones,  pink  calcareous  sand- 
stones, light  red  sandstones  and  a  bed  of  pure  white  sand  that 
has  been  utilized  for  gla§s-making.  It  is  possible  that  the 
rocks  that  have  been  assigned  to  the  Upper  Coal  Measures 
may  prove  to  be  Permian.  The  presence  of  copper  in  the 
bands  points  that  way. 

During  the  Permian  period  of  the  world,  the  life  resem- 
bled the  Carboniferous.  There  were  many  lingering  Coal 
Measure  genera  and  a  few  species.  There  were  also  fossils 
that  took  on  Mesozoic  characteristics.  The  vertebrate  life 
was  not  only  represented  by  fishes  and  amphibians,  but  also 
by  the  introduction  of  reptiles. 

The  close  of  the  Paleozoic  was  a  mountain-making  period 
and  the  Appalachian  and  many  foreign  ranges  were  made. 
In  Wyoming  there  was  no  change  or  folding  of  the  strata,  and 
the  great  Paleozoic  era  passed  into  the  Mesozoic  era  as  unin- 
terrupted as  in  many  other  instances  one  stage  passed  into 
another.  Where  Permian  rocks  are  definitely  known  in  Wyo- 
ming they  all  form  the  lower  slopes  of  the  mountain  ranges 
and  occasionally  extend  well  up  to  the  Archaean.  Of  the  Pale- 
ozoic, these  beds  are  of  the  least  importance  in  the  artesian 
basins.     They  are,  however,  superior  to  any  of  the  Mesozoic. 
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Usually  it  will  be  possible  to  start  a  well  in  the  Dakota  sand- 
stones, and  pass  through  the  Jurassic  and  Triassic  and  secure 
water  in  the  Permian. 


The  Mesozoic  Era. 


Wyoming  was  a  land  mass  during  the  greater  portion  of 
the  Paleozoic  era,  and  this  accounts  for  the  extremelv  thin 
beds  of  rock  belonging  to  that  grand  division  of  geological 
time.  At  the  close  of  the  Paleozoic  era,  in  the  eastern 
part  of  the  United  States,  the  Appalachian  mountains  were 
made;  but  in  Wyoming  the  Paleozoic  seas  merged  into  the 
Mesozoic  without  any  interruptions,  which  causes  the  Meso- 
zoic to  rest  upon  the  Paleozoic  apparently  conformably.  It 
is  very  thick,  from  20,000  to  30,000  feet.  They  differ  from 
the  older  rocks  in  being  less  compact,  and  also  in  containing 
numerous  bands  of  shale  and  clay.  Although  very  thick,  there 
are  only  a  few  bands  containing  limestone.  Conditions  had 
so  changed  that  the  seas  were  shallow  and  in  some  instances 
fresh  water  lakes  covered  vast  areas.  The  changes  in  life 
were  very  important.  In  the  early  Mesozoic  the  vertebrate 
life  had  so  advanced  on  earth  that  huge  reptiles  occupied  both 
land  and  sea.  The  swimming  saurians  are  known  as  Plesio- 
saurs  and  Ichthyosanrs;  the  land  reptiles  as  Dinosaurs. 
Mammalian  life  was  also  introduced  about  this  time ;  but  the 
animals  were  about  the  size  of  a  mouse  and  belonged  to  the 
lowest  type.  Our  modern  fishes  aVso  appeared  during  the  early 
Mesozoic.  Toward  the  middle  of  the  Mesozoic,  flying  Sauri- 
ans appeared,  and  also  birds.  It  was  about  this  time  that  the 
Dinosaurs  reached  their  maximum  development.  Vegetable 
life  was  also,  advancing  and  in  the  upper  portion  of  the  era  the 
first  deciduous  trees  appeared  on  earth.    At  the  close  all  of  the 
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Plesiosaurs,  Ichthyosaurs,  as  well  as  many  other  kinds  of 
swimming  Sanrians,  together  with  the  Dinosaurs  and  Ptero- 
saurs (or  flying  Saurians),  became  extinct.  These  rocks  at 
one  time  covered  nearly  all  of  the  state,  and  although  great 
mountains  have  been  made  and  hundreds  of  square  miles  of 
rock  have  been  carried  away  by  erosion,  they  cover  or  under- 
lie three-fourths  of  Wyoming  at  the  present  time.  They  are 
found  as  the  base  of  the  mountains  and  occupying  the  valleys 
and  forming  the  plateaus.  They  play  an  important  part  in  the 
artesian  basins  of  the  state,  since  they  are  associated  with  all 
of  them.  At  the  close  of  the  Mesozoic,  the  Rocky  mountains 
were  made  and  the  mountain  system  that  practically  extends 
from  Tierra  del  Fuego  to  Alaska  came  into  existence. 

THE  TRIASSIC  PERIOD. 

This  series  has  been  called  by  other  names  than  Trias,  c- 
Triassic.  In  the  old  world  they  are  known  as  the  "New  Red 
Sandstone"  and  in  Wyoming  they  have  been  called  the  "Red 
Beds."  Of  all  the  geological  formations  in.  Wyoming,  this  is 
the  most  conspicuous.  It  has  numerous  beds  of  dark  red  sand- 
stone, with  some  red  shales  and  thick  beds  of  gypsum  near  the 
base.  These  bands  can  be  seen  at  the  foot  of  nearly  all  of  the 
mountain  ranges,  either  forming  precipitous  bluflFs  that  rise 
a  hundred  or  more  feet,  facing  the  range,  or  in  dark  red  bands, 
following  its  trend.  In  some  localities  they  have  been  nearly 
leveled  by  erosion,  but  can  be  seen  cropping  out  at  the  crossing 
of  every  stream  and  in  the  red  soil  caused  by  their  decomposi- 
tion. They  often  color  a  wide  band  reddish  that  winds  about 
the  foot  of  the  mountain  like  a  great  snake.  Quite  frequently 
these  rocks  are  wind  worn  and  cut  into  the  most  fantastic 
forms  and  are  not  easily  surpassed  for  natural  artistic  beauty. 
In  other  regions  there  are  deep  circular  depressions  caused  by 
caves  in  the  Permian  rocks  below.  This  makes  circular  caves 
which  are  often  one  hundred  feet  in  diameter  and  sometimes  a 
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hundred  or  more  feet  deep.  These  depressions  are  common 
in  Crook  county,  east  of  Sundance,  and  near  Spring  creek,  Big 
Horn  county.  Forming  as  this  period  does  the  base  of  the 
Mesozoic,  they  can  easily  be  separated  from  the  light  colored 
sand  and  limestones  of  the  Permian  below,  and  the  dark  col- 
ored fossiliferous  bands  of  the  Jurassic  above.  No  fossils 
have  been  recognized  as  in  other  sections,  and  the  entire  series 
is  barren  or  nearly  so,  for  not  a  single  species  of  fossil  of  any- 
kind  has  been  reported  from  them.  In  other  parts  of  the 
United  States,  and  in  Europe,  they  are  rich  in  both  plant  and 
animal  life  and  are  especially  marked  by  the  introduction  of 
swimming  Saurians  and  mammals.  The  mammals  were  very 
small,  probably  not  larger  than  a  good-sized  mouse.  Good, 
and  frequently  bad,  water  will  be  found  in  the  Triassic  sand- 
stones. The  usual  impurity  is  gypsum,  which  makes  the  wa- 
ter extremely  hard  and  slightly  bitter.  While  it  is  usually 
called  poor  water,  it  is  nevertheless  valuable  for  irrigation  pur- 
poses. These  sandstones  will  always  furnish  water  in  all  of 
the  artesian  basins,  but  no  one  should  expect  to  find  a  supply 
such  as  might  be -obtained  in  the  Paleozoic  rocks. 

THE  JURASSIC  PERIOD. 

Formely  the  Jurassic  and  Triassic  terranes  were  united 
for  the  Rocky  mountains  under  the  head  Jura-Trias.  They 
are,  however,  so  different  in  their  general  characteristics  that 
a  novice  can  easily  draw  the  line  of  demarkation,  and  there  is 
no  reason  why  they  should  not  be  discussed  as  they  are  here, 
under  different  heads. 

The  Jurassic  rocks  are  everywhere  found  resting  upon  the 
Triassic  red  sandstone,  and  are  widely  distributed  throughout 
Wyoming.  Of  this  series  there  are  two  distinct  stages,  the 
Shirley  representing  the  marine  and  the  Como  the  fresh  water 
or  upper  division. 

These  stages  represent  a  ver}'  small  portion  of  the  Juras- 
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sic  time  and  should  be  considered  as  belonging  to  the  upper 
third  of  the  Jurassic  rocks.  In  reality  they  represent  only  a 
fraction  of  this  division. 

THE  SHIRLEY  STAGE. 

The  Shirley  stage  is  composed  of  bands  of  dark  clays  and 
shales,  together  with  a  few  thin  bands  of  dark  colored  lime- 
stones and  numerous  strata  of  sandstone.  Near  the  base  the 
sandstones  are  usually  light  colored.  In  thickness  this  stage 
varies  from  a  few  feet  to  250  feet  and  probably  exceeds  this  in 
the  western  part  of  Wyoming.  In  southeastern  Wyoming  this 
formation  does  not  occur,  the  limit  being  between  twenty-five 
and  thirty  miles  northwest  of  Laramie.  With  the  exception 
of  southeastern  Wyoming,  the  Shirley  rests  upon  the  Triassic, 
and  often  the  light  colored  sandstones  are  found  in  contact 
with  the  red. 

There  is  a  single  characteristic  fossil  that  always  accom- 
panies these  beds  and  it  is  scientifically  known  as  a  Belemnite. 
It  is  a  rather  slender  fossil,  circular  in  traverse  section,  and 
tapering  gradually  to  a  point.  Sometimes  there  is  a  conical 
opening  at  the  broad  end,  and  in  fact  there  always  is  when  the 
fossil  is  complete.  A  large  one  is  six  inches  long  and  three- 
fourths  of  an  inch  in  diameter.  Besides  the  Belemnites  there 
were  numerous  invertebrates  and  swimming  Saurians.  The 
Ichthyosaur  or  fish  Saurian  was  a  reptile  with  a  long,  large 
head,  no  neck,  a  roimd  body  with  four  paddles,  and  a  long, 
slim  tail.  They  varied  in  length  from  12  to  40  feet  and  were 
very  ferocious  animals,  that  subsisted  entirely  upon  flesh.  As- 
sociated with  the  Ichthyosaurs  were  many  other  types  of 
swimming  reptiles,  chief  of  which  were  the  Plesiosaurs,  or 
Plesiosaur-like  animals.  These  differed  from  the  foregoing  in 
having  long  necks  and  larger  paddles.  They  attained  a  great- 
er length  and  were  also  carnivorous  in  habit,  and  absolute  rul- 
ers of  the  sea.  The  largest  of  the  Plesiosaur  type  known  was 
discovered  in  Wyoming.     A  front  paddle  in  the  University 
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80ME  JURASSIC  FOSSILS  FROM  THE  SHIRLEY  STAGE. 

[Explanation  of  Plate  IV.] 

No.  I  a — Belemnites  densus.  Meek.     Side  view. 

No.  it — Transverse  section  of  No.  la. 

No.    2 — Pentacrinus  asteriscus,  Meek.    Enlarged. 

No.  3 — Camptonectes  bellistriata,  Meek.  One-half  natu- 
ral size. 

No.    4 — Pscudomonotis  curta,  Hall. 

No.    5 — Ostrea  strigilecula,  White. 

No.  6a — Cordioceras  cordiformis,  M.  &  H.  Much  re- 
duced.    Side  view. 

No.  6b — Cordioceras  cordiformis,  M.  &  H.  Much  re- 
duced.   Profile  view. 

No.  7 — Gryphaea  calceola,  var.  nebrascensiSj  M.  &.  H. 
One-half  natural  size. 


-do) 
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collection  is  nearly  eight  feet  in  length,  and  other  parts  in 
proportion.  Associated  with  the  land  life,  which  was  largely 
Dinosaurs,  were  numerous  Pterosaurs,  or  flying  reptiles,  and  a 
few  birds  that  wiere  provided  with  teeth.  None  of  these  have 
been  found  in  Wyoming,  but  are  associated  with  Jurassic  rocks 
in  other  regions.  In  these  seas  there  were  also  numerous  fishes 
and  turtles,  and  along  the  rivers  many  crocodiles. 

THE  COMO  STAGE. 

The  Como  stage  at  one  time  covered  the  entire  state  with 
one  possible  exception,  and  persists  at  the  present,  except  in 
localities  where  mountain-making  and  folding  have  caused  ex- 
cessive erosion.  These  strata  differ  from  the  Shirley  in  being 
of  fresh  water  origin,  and  hence  they  do  not  contain  any  ma- 
rine life.'  This  character  alone  will  aid  any  one  in  separating 
them  from  the  lower  beds.  The  formation  is  from  150  to  250 
feet  in  thickness,  and  above  it  there  is  nearly  always  a  band 
of  either  Dakota  conglomerate  or  sandstone,  of  the  Cretaceous. 
It  is  a  common  thing  to  see  the  slopes  of  the  Como,  which  are 
often  quite  precipitous,  piled  up  with  blocks  of  Dakota  con- 
glomerate, which  range  from  a  few  feet  to  cubes  20  feet  in  di- 
ameter. The  strata  are  largely  marls  ?nd  clays  of  different 
colors,  with  yellow,  brown,  red  and  drab  predominating. 
These  are  separated  by  a  few  thin  bands  of  sandstone  and 
limestone. 

The  Como  stage  is  the  great  Dinosaur  horizon  from 
which  the  many  curious  and  huge  animals  have  been  collected. 
Dinosaurs  represent  the  largest  land  animals  that  have  ever 
lived,  as  well  as  very  small  ones.  Wyoming  is  justly  cele- 
brated for  these  remains,  since  there  is  not  another  spot  on 
earth  where  so  many  have  been  found.  The  largest  of  these 
animals  were  80  to  90  feet  in  length  and  stood  20  to  25  feet 
high.  A  thigh  bone  in  the  University  collection  measures  69 
inches  high  and  the  shaft  is  33  inches  in  circumference. 
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A  dorsal  vertebra  is  40  inches  high  and  the  centrum 
measures  12  inches  in  diameter.  A  rib  is  nearly  seven  feet 
long  and  is  14  inches  in  circumference. 

The  largest  animals  were  herbivorous  quadrupeds;  but 
others,  which  hopped  about  like  a  kangaroo,  were  carnivorous. 
Some  had  huge  plates  of  bone  ornamented  with  spikes;  in 
fact,  the  life  was  too  varied  to  even  notice  in  a  description  of 
this  sort.  The  bones  of  these  animals  are  found  in  beds  of 
marls  and  sanstones  and  sometimes  occur  in  layers  that  are 
four  feeet  thick,  and  so  mixed  up  that  the  most  expert  anato- 
mist can  not  assemple  them  again. 

With  the  marl  beds  there  occur  fresh  water  mollusks,. 
some  fishes  and  crocodiles.  But  little  is  known  of  the  vegeta- 
ble life.  There  are  numerous  species  of  petrified  wood  found' 
and  also  some  Cycad  trunks.  Cycads  were  an  early  form  of 
vegetable  life,  the  trunk  of  which  grew  about  a  foot  in  height 
and  from  six  to  ten  inches  in  diameter.  They  are  conical  in 
form  and  are  marked  in  the  surface  with  many  diamond- 
*  shaped  leaf  scars.  Some  twenty  species  have  been  found  in 
the  Como  stage. 

During  this  stage  Wyoming  was  a  low,  marshy  country, 
largely  covered  with  fresh  water  lakes,  about  which  grew 
a  tropical  vegetation.  From  an  artesian  standpoint  this  for- 
mation is  of  less  importance  than  any  of  those  previously  dis- 
cussed. 

The  marls  and  clays  contain  considerable  sodium  sulphate, 
which  is  often  seen  as  a  thin,  efflorescent  crust  on  the  surface. 
Good  water  follows  the  sandstones,  especially  the  light  col- 
ored bands.  Great  precaution  should  be  taken  in  drilling 
through  the  Jurassic,  for  the  strata  of  clay  and  marls  will  pro- 
duce caving  of  a  very  serious  nature.  The  Jurassic,  taken  as  a 
whole,  will  be  encountered  in  drilling  in  every  basin  in  Wyo- 
ming in  case  the  well  is  located  in  the  Dakota  stage  and  i& 
drilled  to  a  depth  of  1,000  feet  or  more. 
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THE  CRETACEOUS  PERIOD. 

The  Cretaceous  rocks  of  Wyoming  belong  to  the  upper 
half  of  the  period,  with  the  possible  exception  of  some  thin 
bands  found  in  northern  Wyoming,  which  may  be  lower  Cre- 
taceous. This  is  the  greatest  system  of  rocks  of  the  state, 
for  they  cover  or  underlie  over  50,000  square  miles  of  terri- 
tory. Taken  as  a  whole,  the  stages  are  chiefly  made  up  of 
sandstone,  shales  and  clays,  which  reach  the  enormous  thick- 
ness of  from  20,000  to  25,000  feeet.  The  Cretaceous  is  to 
Wyoming  what  the  Carboniferous  is  to  Pennsylvania,  if  con- 
sidered from  an  economical  standpoint,  for  these  rocks  con- 
tain all  of  the  coal  known  in  the  state  and  nearly  all  of  the 
petroleum  and  natural  gas. 

Hayden  studied  the  western  Cretaceous  along  the  Mis- 
souri river  nearly  half  a  century  ago  and  made  the  following 
divisions : 

Thickness  given.. 

Fox  Hills 500  feet 

Fort  Pierre 700    •♦ 

Niobrara 200    ** 

Fort  Benton    800    ** 

Dakota 400    *• 

Since  these  names  were  adopted  there  have  been  nmny 
changes  in  the  meaning  of  some  of  them,  and  the  introduction 
of  new  terms  to  take  their  places.  For  example,  some  of  the 
geologists  have  included  the  Niobrara,  Fort  Pierre  and  Fox 
Hills  under  the  name  Fox  Hills.  Others  have  used  Fort 
Pierre  to  represent  the  same  band.  The  United  States  Geo- 
logical survey  have  included  the  Fox  Hills  and  Fort  Pierre 
under  the  name  Montana  and  the  Fort  Benton  and  Niobrara 
under  the  name  Colorado,  but  retaining  the  original  names 
given  by  Hayden,  for  lesser  divisions.  Following  the  work 
of  Hayden  along  the  Missouri  river  was  the  mountain  in- 
vestigation, and  the  Laramie  stage  was  discovered.  At  pres- 
ent the  Cretaceous  divisions  are  as  follows: 
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Estimated  Thicknctf. 
Maximum,  in  feet. 

f  \  Fort  Union? 2,000 

Laramie. . .  <  j  - \wx« 

(  Laramie 5»ooo 

,,     ^  i  Fox  Hills 6,000 

Montana  ..-{,?    .  »•  - ^.^^ 

}  Fort  Pierre 7»ooo 

,,  ,       J         j  Niobrara 2,000 

Colorado. .  -!  . .     ,  d     •  « \w^ 

(  r  ort  Benton 2,000 

Bear  River  -j    3,500 

Dakota  . . .  -(   , 1,000? 

These  stages,  so  far  as  known,  are  conformable  with  each 
other. 

The  geological  histor}*^  of  the  accumulation  of  this  great 
series  of  rocks  is  intensely  interesting,  but  can  not  be  given 
in  this  connection. 

Following  the  Jurassic,  when  the  greatest  Saurians  lived, 
we  find  Saurians,  and  especially  Dinosaurs,  up  to  the  close  of 
the  Laramie.  The  swimming  Saurians,  Plesiosaurs  and 
Mososaurs,  were  also  common ;  but  disappeared  from  the  face 
of  the  earth  prior  to  the  close  of  the  Cretaceous.  Birds  that 
were  introduced  in  the  Jurassic  became  quite  numerous  m  the 
Cretaceous;  but  the  mammals  made  no  advance.  Plant  life 
was  very  abundant,  as  the  many  bands  of  sandstone  and  shale 
containing  impressions  of  leaves,  as  well  as  the  numerous 
coal  veins,  demonstrate. 

The  invertebrate  life  was  represented  by  numerous  spe- 
cies which  resembled  the  shell  fish  of  today  much  more  than 
the  fauna  of  the  Carboniferous  period.  The  Cretaceous  pe- 
riod of  Wyoming  opened  under  fresh-water  lake  conditions 
and  closed  in  a  similar  manner,  the  lake  being  mostly  fresh 
water  but  occasionally  brackish  at  the  close.  Nearly  all  of 
Wyoming  was  originally  covered  with  Cretaceous  rocks  dur- 
ing the  coal-making  period.  Then  dawned  the  period  of 
mountain-making,  which  caused  these  strata,  together  with 
the  underlying  ones,  to  be  bent  into  great  folds,  which  arc 
now  the  axes  of  our  mountain  ranges.  During  this  period 
Wyoming  was  changed  from  a  nearly  level  coimtry,  that  was 
about  sea  level,  to  one  of  great  mountains  and  valleys.    Orig- 
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inally  all  of  the  prominent  ranges  were  covered  with  from 
10,000  to  30,000  feet  of  sedimentary  rocks,  which  have  been 
removed  by  erosion.  The  Cretaceous  rocks  are  to  be  found 
encircling  the  mountain  ranges  and  lesser  folds.  At  one  time 
they  occupied  the  great  valleys,  as  for  example  the  Green 
river,  Big  Horn  river.  Wind  river.  Powder  river,  Platte  river 
and  Laramie  river.  In  the  Green,  Wind  and  Big  Horn  basins 
large  areas  are  covered  with  Tertiary  sediment.  Although 
the  Cretaceous  strata  are  so  extensive,  and  very  thick,  they 
do  not  play  a  very  important  part  in  the  artesian  basins  as 
water-bearing  rocks.  The  Dakota  will  in  all  probability  be 
the  most  desirable  water-bearing  zone,  and  from  this  upwards 
in  the  geological  scale  the  bands  gradually  become  of  less 
importance.  The  stages  will  be  taken  up  under  their  re- 
spective heads  and  their  strata  discussed. 

THE  DAKOTA  STAGE. 

Until  recent  years  this  has  been  considered  the  base  of 
the  Upper  Cretaceous,  but  since  the  investigations  of  Dr. 
Ward  in  the  Black  Hills  it  has  been  separated  into  two  stages, 
one  representing  the  lowest  member  of  the  Upper  Cretaceous 
and  the  other  the  highest  horizon  of  the  Lower  Crectaceous. 
Since  this  distinction  has  not  been  worked  out  in  Wyoniing, 
it  will  be  considered  under  the  original  meaning.  The  upper 
half  of  the  Wyoming  Dakota  is  made  up  of  bands  of  dark 
clays  and  shales  and  a  few  thin  layers  of  gray  sandstone; 
the  lower  half  of  thick  beds  of  conglomerate  and  sandstone. 
On  the  slopes  below  the  beds  there  are  angular  blocks  of  con- 
glomerate which  usually  rest  in  the  Como  stage,  which  vary 
from  a  few  feet  to  twenty  feet  in  diameter.  The  thickness  of 
this  stage  varies  considerable,  but  is  never  less  than  200  feet 
and  has  local  developments  varying  from  500  to  800  feet  and 
possibly  more    Few  fossils*  have  been  reported  from  the  Wy- 

*Sincc  writing  the  above  1  have  found  in  the  sandstones  of  the  Dakotap  in  Johnson 
county,  a  small  pelecypod.  probably  belonging  to  the  genus  Nucula, 
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CRETACEOUS. 
SOME  LARAMIE  FOSSIL  PLANTS. 

[Explanation  of  Plate  VI.] 

No.  I — Quercus  primoidalis,  Lesqx. 

No.  2 — Cinnamomum  scheuchzeri,  Heer.    One-half  natu 

ral  size. 
No.  3 — Sassafras  cretaceum,  Lesqx. 
No.  4 — Sassafras  mudgei,  Lesqx.    One-half  natural  size. 
No.  5 — Platanus  recurvata,  Lesqx. 
No.  6 — Juglans  debeyana,  Lesqx. 
No.  7 — Populites  cyclophilla,   Heer?     One-half   natural 

size. 
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oming  rocks  and  these  have  been  found  about  the  Black  Hills 
in  Wyoming,  and  are  all  plants.  In  these  rocks  are  found  the 
first  evidence  of  deciduous  trees  in  Wyoming.  The  forma- 
tion can  best  be  determined  by  its  lithological  character  and 
its  position  in  reference  to  the  Como  stage  of  the  Jurassic 
and  the  overlying  Fort  Benton  shales.  This  is  the  great  wa- 
ter bearing  horizon  of  the  Dakota  artesian  basins  and  is  also 
a  conspicuous  water  horizon  throughout  Wyoming.  Springs 
of  excellent  water  are  of  common  occurrence  in  these  rocks 
along  the  mountains.  Some  attention  should  be  paid  to  the 
fact  that  this  is  the  second  great  petroleum  horizon  in  Wyo- 
ming and  that  it  also  contains  valuable  veins  of  coal  in  Wes- 
ton, Crook  and  Big  Horn  counties,  and  probably  in  many  oth- 
ers. Along  the  Rattlensake,  Powder  River,  Button,  Belle 
Fourche,  Bonanza  and  Beaver  oil  basins  the  Dakota  will  con- 
tain inferior  water  unless  it  is  found  in  some  of  the  upper 
sandstones  above  the  oil.  The  rocks  of  this  stage  were  de- 
posited in  fresh  or  brackish  water. 

BEAR  RIVER   STAGE. 

In  southwestern  Wyoming  there  is  a  formation  that  ap- 
pears to  be  between  the  Dakota  and  the  Fort  Benton.  It  is 
characterized  by  an  independent  fauna  and  is  coal  bearing.  It 
has  been  named  the  Bear  River  stage  by  the  U.  S.  G.  S.  and  it 
seems  very  probable  that  it  is  a  distinct  stage  and  should  be 
included  with  the  others  of  the  Cretaceous.  Some  authors 
consider  it  a  division  of  the  Fort  Benton.  It  has  been  found 
only  in  the  southwestern  part  of  the  state  and  does  not  play 
an  important  part  in  our  geology. 

FORT  BENTON  STAGE. 

Resting  conformably,  or  nearly  so,  upon  the  Dakota  of 
the  eastern  portion  of  Wyoming,  is  the  Fort  Benton.    In  the 


Artesian  Basins  of  Wyoming,  147 

western  half  of  the  state  the  eastern  limit  of  the  Bear  River 
has  not  been  worked  out,  so  that  the  Fort  Benton  can  be  con- 
sidered as  resting  upon  either  the  Dakota  or  Bear  River  stage. 
At  the  base  of  the  Fort  Benton  there  is  always  formed  a  very 
thick  band  of  dark  colored  fissile  shales,  which  weather  nearly 
white.  These  shale  beds  are  usually  200  feet  in  thickness, 
and  if  they  are  highly  inclined  the  slopes  are  always  covered 
with  fragments  of  the  shale  bands.  Associated  with  these 
beds  there  are  numerous  impressions  of  fish  scales,  a  few  mol- 
lusks,  and  a  few  fish  teeth.  Above  the  shales  there  are  prom- 
inent beds  of  dark  clays  and  some  shale  bands  that  are  nearly 
black,  which  are  often  mistaken  for  coal  shales  by  eastern 
coal  miners.  In  the  dark  clavs  there  are  masses  of  clav-iron 
stone  that  are  nearly  continuous,  but  not  thick  enough  to  be 
of  commercial  importance.  In  these  clays  are  a  few  bands  of 
Bentonite  (a  clay  that  has  been  called  natural  soap)  which  is 
destined  to  become  a  very  important  article  of  commerce. 
This  clay  is  a  hydrous,  non-plastic  variety  which  has  an  un- 
usual power  as  an  absorbent.  The  upper  third  of  this  stage  is 
composed  -of  sandstones  and  clays.  The  sandstones  are  usu- 
ally of  a  light  brown  color  arid  contain  numerous  fossil  mol- 
lusks  and  sharks'  teeth.  The  Fort  Benton  has  a  maximum 
thickness  of  at  least  2,000  feet.  Oil  springs  and  natural  gas 
vents  have  been  found  in  several  localities.  As  a  water-bear- 
ing horizon  it  is  very  questionable.  The  clay  beds  contain  an 
unusual  amount  of  the  sulphates  of  sodium  and  magnesium, 
and  drilling  will  be  found  difficult  on  account  of  so  many  soft 
bands.  The  water  supply  will  not  be  large.  The  upper  half 
of  the  stage,  when  the  sandstone  bands  are  most  numerous, 
will  furnish  the  best  water. 

Typical  exposures  of  the  Fort  Benton  shale  can  be  seen  at 
the  following  localities :  North  of  Button's  lake,  Albany  coun- 
ty; at  Brown's  canon  and  Freezeout  hills,  Carbon  county;  a 
few  miles  east  of  Lander,  in  Fremont  county ;  at  Bonanza  and 
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CRETACEOUS. 
FORT  BENTON   F088IL8. 

[Explanation  of  Plate  VII.] 

These  fossils  are  conditionally  placed  under  the  Fort  Ben- 
ton stage ;  realizing  that  the  line  between  the  Fort  Benton  and 
the  Niobrara  has  not  been  finally  fixed,  and  until  this  has  been 
done  we  cannot  say  definitely  what  are  Fort  Benton  and  what 
are  Niobriira  fossils. 

No.  I — Scaphites  ventricosus,  M.  &  H. 

No.  2 — Cyrena  securis,  Meek, 

No.  3 — Gyrodes  depressa,  Meek. 

No.  4 — Cardium  pauperculum,  Meek. 

No.  5 — Fasciolaria  (Crytorhyhis)  utahensis,  Meek. 

No.  6 — Scaphites  warreni,  M.  &  H. 

No.  7 — Inoceramus  fragilis,  H.  &  M. 
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two  miles  west  of  Cody,  Big  Horn  county ;  southwest  of  Day- 
ton a  mile  or  so,  in  Sheridan  county ;  at  the  Belle  Fourche  oil 
field,  in  Crook  county ;  at  Newcastle,  in  Weston  county ;  along 
the  north  side  of  the  Laramie  mountains,  in  Natrona  and  Con- 
verse counties,  and  along  the  east  side  of  the  same  range  in 
Laramie  county. 

THE   NIOBRARA   STAGE. 

We  know  less  of  the  rocks  of  this  stage  than  any  other 
one  of  prominence  in  Wyoming.  This  is  due  to  the  nature  of 
the  strata,  which  in  the  southeastern  part  of  the  state  have 
near  their  base  a  thick  bed  of  yellowish-white  chalk.  This 
has  yielded  so  readily  to  erosion  that  it  is  seldom  seen  outcrop- 
ping. For  miles  along  the  foot  of  a  mountain  range  the  chalk 
beds  have  been  entirelv  covered  with  soil.  The  thickness  of 
this  stage  approximates  2,000  feet.  When  the  chalk  beds  are 
exposed  it  can  be  considered  sufficient  evidence  of  the  srage, 
for  there  are  no  other  beds  of  chalk  known  in  Wyoming.  In 
the  Tertiaries  there  are  whitish,  soft  bands  that  have  been 
called  chalk,  such  as  the  many  chalk  bluffs,  hills  and  n~oun- 
tains ;  but  none  of  these  are  chalk  and  some  of  them  d j  not 
contain  any  carbonate  of  lime.  Above  the  chalk  beds  the 
strata  are  clays  and  shales  chiefly,  with  a  few  bands  of  .-^ind- 
stone.  None  of  these  bands  contain  many  fossils,  and  all 
that  have  been  reported  are  invertebrates.  In  Kansas  ihey 
contain  great  swimming  Saurians  (Plesiosaurs  and  Moso- 
sauTs)  and  also  early  birds  that  were  provided  with  teeth. 
So  far,  in  the  development  of  the  mineral  resources  of  the 
state,  nothing  of  economic  importance  has  been  discovered  in 
the  Niobrara.  There  are  a  few  beds  of  oil  sand,  and  Ihese 
together  with  the  clays,  shales  and  chalk  beds,  will  prove  to 
be  of  value  in  the  future. 

This  stage  is  on  a  par  with  the  Fort  Benton,  so  far  as 
artesian  wells  are  concerned.  Good  water  will  be  found  in 
the  sandstones  and  chalks,  but  the  clays  and  shales  conttin  a 
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vast  quantity  of  soluble  salts  that  will  render  the  water  unfit 
for  any  purpose.  While  flowing  wells  will  be  found,  the 
amount  of  water  from  any  of  the  bands  will  not  be  large. 

THE   FORT    PIERRE    STAGE. 

This  is  the  thickest  formation  of  the  Rocky  Mountain 
Cretaceous,  having  a  njaximum  thickness  of  over  7,000  leet. 
It  has  been  found  along  all  of  the  Wyoming  mountain  ranges. 
The  rocks  of  this  stage  are  chiefly  dark  colored  shales,  which 
contain  a  few  fossils,  especially  BaCulites,  The  shales  are 
in  the  lower  half  of  the  series  and  gradually  change  toward 
the  top  to  bands  of  sandstone  and  clay.  Near  the  top  there 
are  several  bands  of  very  fossiliferous  sandstone.  Besides  the 
bands  of  sandstone  there  are  strata  made  up  of  concretions  of 
various  sizes,  ranging  from  a  few  inches  to  ten  feet  in  di- 
ameter. Some  of  these  concretions  have  been  formed  about  a 
mass  of  invertebrates  and  when  broken  open  contain  speci- 
mens that  have  retained  their  irridescent  luster  and  are  the 
most  beautiful  of  all  Cretaceous  fossils.  While  these  concre- 
tions can  be  considered  a  valuable  indication  of  the  Fort 
Pierre,  their  presence  can  npt  be  taken  as  absolute  testimony, 
since  there  are  concretions  found  in  other  Cretaceous  stages. 
A  few  typical  fossils  associated  with  the  concretions  would 
furnish  ample  means  for  determining  this  stage. 

The  fossils  associated  with  the  Fort  Pierre  are  numerous. 
There  were  many  vertebrate  animals,  but  few  of  these  have 
been  found  in  Wyoming.  In  the  upper  bands  of  sandstone 
there  are  many  specie^  of  fossil  plants.  The  invertebrate  fos- 
sils, which  are  of  greatest  importance  in  identifymg  these 
rocks,  are  species  of  Baculites,  Inoceramus, 

Economically  these  strata  are  of  considerable  importance. 
Petroleum  has  been  found  in  a  few  instances  and  probablv  the 
Salt  Creek  oil  occurs  in  this  stage.  Coal  has  also  been  re- 
ported, but  it  is  not  definitely  known  that  there  are  workable 
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CRETACEOUS. 
NIOBRARA  F088IL8. 

[Bxplanation  of  Plate  VIII.] 

These  fossils  are  conditionally  referred  to  the  Niobrara 
stage.  Eventually  they  may  be  found  to  belong  in  part  to  the 
Fort  Benton.  • 

No.  I — Rostellites  ambigua,  Stanton. 

No.  2 — Avicula  gastrodes,  Meek. 

No.  3 — Ostrea  lugubris,  Conrad. 

No.  4 — Baculites  gracilis,  Schumard? 

No.  5 — Lunatia  concinna,  H.  &  M.? 

No.  S—Neritina  pisum,  Meek. 

No.  7 — Corbula  sutrigonalis,  M.  &  H. 

No.  8 — Inoceramus  labintus,  Schloth.  ' 
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CRETACEOUS. 
SOME  FORT  PIERRE  FOSSILS. 

[Explanatioii  of  Plate  DC] 

No.  I — Placenticeras  placenta^  var.  .,itercalaris,  M.  &  H. 
One-fourth  natural  size. 

No.  2 — Scaphites  nodosus,  var.  hrevis,  M.  &.  H.  One- 
half  natural  size. 

No.    3 — Baculites  ovatus,  Say.    Much  reduced. 

No.  4 — Heteroceras  angulatuvi,  M.  &  H.  From  a  frag- 
ment.   One-half  natural  size. 

No.    5 — Pyrifusus  intertexus,  M.  &  H. 

No.   6 — Dentalium  gracile,  M.  &  H. 

No.    7 — Anchuria  nebrascensis,  E.  &  S. 

No.    8 — Lucina  occidentalis,  Morton. 

No.    9 — Ostrea  patina,  M.  &  H. 

No.  10 — Anisomyon  borealis,  M.  &  H. 

No.  II — Inoceramus  cripsi,  var.  barabini,  Morton. 
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veins.  Clay  beds  are  very  numerous,  and  all  grades  of  clay 
are  found,  varying  from  that  used  for  common  brick  Lo  the 
best  fire-brick  clays. 

On  account  of  the  enormous  thickness  of  these  strata, 
the  formation  is  usually  found  in  broads  bands  at  the  foc't  of 
the  mountains.  The  sandstone  strata  alternating  with  bands 
of  clay  make  the  artesian  conditions  ideal,  but  the  pressure 
will  usually  be  found  to  be  very  slight.  For  this  reason  the 
Fort  Pierre  can  not  be  considered  as  an  important  artesian 
well  horizon.  Again,  the  quality  of  the  water  is  questionable. 
The  shales  contain  vast  quantities  of  soluble  salts  which  in 
many  instances  make  the  water  unfit  for  any  use.  Good  wa- 
ter usually  accompanies  the  sandstone  unless  found  in  the 
vicinity  of  coal  and  oil. 

Typical  Fort  Pierre  exposures  can  be  seen  north  of  Har- 
pers, in  Albany  county;  where  the  Cheyenne  and  Northern 
railroad  crosses  Horse  creek,  Laramie  county;  a  few  miles 
north  of  Ervay,  Natrona  county;  west  and  south  of  Lander, 
west  of  Bonanza,  and  between  Sheridan  and  the  Big  Horn 
mountains. 

THE  FOX   HILL  STAGE. 

The  Fox  Hill  and  Fort  Pierre  stages  are  often  combined 
under  the  name  of  Montana,  but  since  these  stages  combined 
have  a  thickness  of  at  least  12,000  feet,  the  terms  Fox  Hills 
and  Fort  Pierre  include  too  great  a  thickness  for  a  single 
stage  and  as  soon  as  they  are  thoroughly  known  they  will  be 
further  subdivided.  The  Fox  Hills  in  Wyoming  has  a  thick- 
ness of  5,000  feet,  and  probably  there  are  local  developments 
that  will  reach  6,000  feet.  The  strata  resemble  the  upper 
portion  of  the  Fort  Pierre  and  are  mostly  bands  of  brown 
sandstone,  alternating  with  dark  clays  and  shales.  Usually 
there  are  a  few  hundred  feet  of  light  colored  sandstones  near 
the  base,  and  a  very  thick  band  of  brown  sandstone  capping 
the  formation.    The  sandstones  are  very  fossiliferous  and  con- 
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tain  remains  of  vertebrates,  invertebrates  and  plants.  It  was 
in  this  stage  that  the  Plesiosanrs  became  extinct.  The  fossil 
leaves  are  quite  remarkable.  In  the  white  sandstones  near 
Harpers  palm  leaves  have  been  discovered  that  have  a  diam- 
eter of  twenty  inches.  The  invertebrates  resemble  to  a  marked 
degree  the  Fort  Pierre,  but  there  is  a  sufficient  difference  to 
distinguish  one  stage  from  the  other.  The  most  common  ver- 
tebrate fossils  are  species  of  Baculites,  Inocerainus,  Ostrea, 
Anchuria,  Scaphites,  Nautilus  and  Pectunculus. 

Economically  this  stage  produces  coal,  oil,  clay  and 
building  stone.  Very  valuable  coal  veins  occur  at  Kemmerer, 
Diamondville  and  on  the  Laramie  Plains  and  at  several  other 
points.  Petroleum  has  been  found  in  the  Fox  Hills  along  the 
Rattlesnake  mountains.  Typical  exposures  can  be  seen  at 
Harpers,  Kemmerer,  below  Bonanza,  above  Dayton,  sout'i  of 
Fort  Steele  and  at  the  southern  base  of  the  Seminoe  moun- 
tains. 

While  the  water  found  in  the  Fox  Hills  sandstones  is 
usually  superior  to  the  Fort  Pierre,  yet  it  is  not  ideal,  it  can 
be  relied  upon  as  a  water-bearing  formation,  but  wells  drilled 
in  these  strata  will  seldom  yield  a  large  supply  of  water.  The 
reason  for  this  is  the  same  as  given  in  the  Fort  Pierre — ^there 
is  little  or  no  head,  and  also  the  water  supply  is  very  lim.ited 
on  account  of  the  distance  from  the  mountains  and  the  slight 
precipitation.  Wells  drilled  in  coal  and  oil  belts  may  be  con- 
sidered as  almost  worthless.  At  Almond  a  well  i,ooo  feet 
deep  produces  water  highly  charged  with  sulphuretted  hy- 
drogen. When  first  drawn  it  is  unbearable,  but  after  stand- 
ing it  is  used  for  domestic  purposes  and  also  largely  for  loco- 
motive work. 

THE  LARAMIE  STAGE. 

This  is  the  closing  ^tage  of  the  Cretaceous  period,  and  is 
also  the  great  coal  formation  of  the  Rocky  mountain  region. 
Owing  to  its  wide  distribution,  and  variations  lithologioally. 
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CRETACEOUS. 
80ME  FOX  HILLS  FOSSILS. 

[Explanation  of  Plate  X.] 

No.    I — Volsella  cttenuata,  M.  &  H. 

No.    2 — Pteria  linguiformis,  var.  subgibbosa,  M.  &  H. 

No.    3 — Nautilus  dekayi,  Morton. 

No.   4 — Goniomya  americana,  M.  &  H. 

No.    5 — Baculites  ovatus,  Say.    Much  reduced. 

No.    6 — Cinuli  concinanna,  H.  &  M. 

No.    7 — Vanikoropsis  tuomeyana,  M.  &  H. 

No.    8 — Fasciolaria  culbertsoni,  M.  &  H. 

No.    9 — Tancredia  americana,  M.  &  H. 

No.  10 — Inoceramus  cripsii,  var.  subcompressus,  M.  &  H. 

No.  1 1 — Liopistha  (Cymella)  undata,  M.  &  H. 
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this  vast  accumulation  of  sediment,  which  is  about  one  mile 
in  thickness,  has  not  been  satisfactorily  subdivided  into  lesser 
divisions.  This  will  be  done  when  the  stage  has  been  thor- 
oughly worked  over.  At  present  it  will  be  sufficient  to  sug- 
gest that  there  are  upper  and  lower  divisions,  the  upper,  prob- 
ably equivalent  to  the  Fort  Union*  stage  of  early  writers,  con- 
taining the  lignite  coal  veins,  and  the  lower  containing  bitu- 
minous coal,  as  can  be  seen  at  the  coal  mines  at  Rock  Springs 
and  elsewhere.  The  strata  of  the  entire  stage  are  made  up 
of  sandstones,  clays,  shales  and  coal.  The  sandstones  are 
usually  friable,  often  thick  bedded,  and  vary  in  color  irom 
light  gray  to  dark  brown.  The  clays  are  in  great  variety  and 
are  usually  of  a  drab  color.    The  shales  are  soft  and  friable. 

Coal  seams  are  numerous,  and  in  some  localities  there  are 
not  less  than  lOO  veins  which  vary  in  thickness  from  a  few 
inches  to  lo,  20  and  40  feet.  At  Ham's  Fork,  Uinta  county, 
there  is  a  vein  of  coal  86  feet  thick  without  a  parting.  Usu- 
ally there  are  from  six  to  ten  workable  veins  in  a  field. 

These  rocks  were  deposited  in  fresh  and  brackish  water 
and  contain  an  abundance  of  fossils.  Usually  there  are  bands 
of  shale  or  shalev  sandstone  associated  with  the  coal  veins 
that  contain  vast  nurribers  of  fossil  deciduous  leaves.  There 
are  also  strata  that  are  from  six  to  twelve  feet  in  thickness 
that  are  made  up  of  oyster  shells.  There  are  also  many  other 
invertebrate  fossils,  especially  many  species  of  Unio  (the  com- 
mon fresh  water  clam).  With  this  life  there  are  many  species 
of  land   vertebrates.     Chief  among  these   were   some   large 

*Many  geologists  will  object  to  my  placing  the  Fort  Union  beds  in  the  Laramie.  They 
were  so  considered  by  many  of  the  early  geologists,  who  have  had  an  opportunity  to  study 
the  Fort  Union  formation  in  the  field  as  well  as  to  study  the  fossil  remains.  The  paleo- 
botanists  have  practically  agreed  that  this  formation  h  Eocene.  I  should  like  to  see  a  con- 
sensus of  opinions  from  all  branches  of  paleontology,  before  this  formation  is  finally  consid- 
ered to  belong  to  the  Cenozoic  era.  One  point  worthy  of  consideration  in  connection  with 
this  problem  i»  the  fact  that,  thus  far  in  the  study  of  this  formation,  no  one  has  reported  a 
mammalian  fauna.  It  would  seem  that  if  snch  exists  there  has  already  been  sufi^cient 
field  work  done  to  discover  it.  If  it  ever  existed  during  the  deposition  of  the  Fort  Union 
sediments,  there  is  no  reason  why  some  of  the  remains  should  not  be  present,  for  these  beds 
are  as  favorable  to  the  preservation  of  fossil  remains  as  any  other  formation  in  the  west 
The  presence  of  both  plant  and  invertebrate  remains  is  ample  evidence  on  this  point. 
Without  the  presence  of  a  mammalian  fauna,  I  would  prefer  to  consider  the  Fort  Union  the 
highest  member  of  the  Cretaceous. 


Artesian  Basins  of  Wyoming.  161 

Dinosaurs.  The  largest  one  was  much  larger  than  an  ele- 
phant and  had  a  large  head  provided  with  three  horns.  These 
horns  were  located  above  the  eyes  and  on  the  end  of  the  nose. 
The  remains  of  this  huge  creature  have  been  found  in  great 
abundance  in  Converse  county.  There  were  also  several  other 
kinds  of  Dinosaurs  living  at  this  time,  but  they  all  became  ex- 
tinct at  the  close  of  the  Laramie.  There  were  also  many  spe- 
cies of  verv  small  mammals. 

The  Laramie  formation  is  found  in  every  county  in  Wyo- 
ming. The  towns  of  Sheridan,  Buffalo,  Douglas,  Glenrock, 
Carbon,  Hanna,  Black  Buttes,  Rock  Springs  and  Meeteetse 
are  located  on  these  rocks.  From  Douglas  one  can  go  north 
to  the  Montana  line  and  walk  all  the  way  on  the  Laramie 
coal  measures.  They  cover  nearly  all  of  the  Powder  River 
valley,  extending  westward  to  the  Big  Horn  mountains.  The 
most  of  the  coal  mined  in  Wyoming  comes  from  the  Laramie 
rocks;  in  fact,  they  cover  or  extend  beneath  one-half  of  this 
state.  At  the  close  of  this  stage  the  Rocky  mountains  were 
made.  Prior  to  this  period  Wyoming  had  been  either  a  sea  or 
a  low  land  mass  for  geological  ages;  now  these  rocks  were 
folded  by  lateral  pressure  and  the  folds  soon  emerged  into  long 
ranges  like  the  Big  Hom,Wind  River  and  Medicine  Bow  moun- 
tains. The  mountain-making  caused  many  changes.  The  low 
swamps  of  the  Laramie  were  converted  into  broad  valleys  and 
high  mountain  ranges.  This  change  was  sufficient  to  cause 
the  disappearance  of  nearly  all  of  the  forms  of  life  that  m- 
habited  Wyoming  during  the  Laramie  stage.  It  also  caused 
a  marked  change  in  the  climate,  which  affected  the  life  and 
formed  such  basins  as  the  Green  River  and  Big  Horn,  which 
were  cut  off  from  the  sea  and  which  were,  in  the  following 
stage,  large  fresh  water  lakes.  The  Laramie  not  only  marks 
the  closing  of  the  Cretaceous  system  but  also  of  the  Mesozoic 
era. 

This  formation  is  also  the  last  one  in  the  ascending  geo- 
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CRETACEOUS. 
SOME  LARAMIE  FOSSIL  PLANTS. 

[Explanation  of  Plate  XI.] 

No.  I — Quercus  drymeja,  Ung. 
No.  2 — Eucalyptus  haeringianaj  Ett. 
No.  3 — Ficus  lanceolata,  Heer. 
No.  4 — Sequoia  biformis,  Lesqx. 
No.  5 — Cinnamomum  afUne,  Lesqx. 
No.  6 — Apeihopsis  discolor,  Lesqx. 
No.  7 — Cillicoma  microphylla?  Ett. 
No.  8 — Salix  angusta,  Al.  Br. 
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SOME  TYPICAL  F088IL8  FROM  THE  LARAMIE  STAGE. 

[Explanation  of  Plate  XII.] 

No.    I — Ostrea  glabra,  M.  &  H. 
No.  10 — Ostrea  glabra,  interior  view. 
No.    2 — Corbula  subtrigonalis,  M.  &  H. 
No.    3 — Bulinus  atavus,  White. 
No.   4 — Viviparus  cousi,  White. 
No.    5 — Volsella  regularis,  White. 
No.    6 — Unio  danae,  M.  &  H. 
No.    7 — Corbula  cleburni,  White. 
No.  ya — Corbula  cleburni,  interior  view. 

Note. — ^No.  4  on  the  opposite  plate  is  in  ah  probability  a  species 
of  fresh  water  mollusk  that  belongs  to  the  Bear  River  stage,  but 
has  often  been  referred  to  the  Laramie.  It  was  a  mistake  in  plac- 
ing it  with  the  typical  Laramie  fossils,  and  should  be  eliminated. 
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logical  scale  in  which  artesian  wells  may  be  looked  for.  and 
in  this  the  conditions  are  not  favorable  for  important  wells  or 
for  good  water.  Generally  speaking,  the  base  of  the  Laramie 
strata  is  a  considerable  distance  from  the  mountains  and  the 
water  supply  is  very  limited.  The  dip  of  the  formation  along 
most  of  the  ranges  is  slight,  and  there  is  not  sufficient  eleva- 
tion of  the  lower  bands  to  produce  very  much  pressure.  On 
account  of  the  coal,  all  of  the  water  coming  in  contact  with 
coal  veins  is  very  poor.  It  is  unfit  for  man  or  beast  and  is 
very  often  so  charged  with  salts  of  soda  and  magnesium  as 
to  render  it  unfit  for  irrigation.  Small  flowing  wells  will  be 
found  about  nearly  all  of  the  basins.  Already  wells  have  been 
drilled  in  the  Laramie  at  numerous  places  and  there  are  flow- 
ing wells  at  Rock  Springs  and  Buffalo.  The  water  at  BuflFalo 
is  very  good  and  at  Rock  Springs  very  poor. 


Cenozoic  Era. 


After  the  completion  of  the  Rocky  Mountain  uplift,  and 
when  the  ranges  were  covered  with  sedimentary  rock  to  a 
thickness  varying  from  10,000  to  25,000  feet,  the  Cenozoic  era 
dawned.  The  changes  wrought  since  the  commencement  of 
mountain  making  were  so  vast  that  neither  land  nor  sea  co'^re- 
sponded  in  any  way  to  the  previous  condition.  The  life  also 
changed  so  as  to  form  a  great  break  in  its  development.  This 
break  has  not  been,  and  possibly  may  never  be,  accounted  for. 
The  Mesozoic  was  the  age  of  reptiles,  but  there  are  compara- 
tively few  found  in  the  Cenozoic,  and  mammals  replace  tiiem. 
The  largest  mammal  known  in  the  Cretaceous  was  not  larger 
than  a  rat,  but  in  the  Cenozoic  basins,  at  the  very  bottom  of 
the  strata,  are  found  large  mammals,  and  in  the  Eocene  period 
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they  are  found  of  elephantine  size.  The  Cenozoic  has  !»een, 
and  probably  always  will  be,  known  as  the  age  of  mammals. 
In  these  strata  are  found  the  ancestral  types  of  our  modem 
animals,  such  as  the  horse,  wolves,  camels,  cats,  deer,  rhi- 
noceros and  monkeys,  together  with  a  wonderful  fauna  that 
has  long  been  extinct.  In  Wyoming,  the  early  Cenozoic  for- 
mations are  confined  to  the  basins  that  were  made  by  the 
great  folds  which  produced  the  mountains,  such  as  the  Big 
Horn,  Wind  River  and  Owl  Creek  ranges.  Later  these  be- 
come dry  and  the  Cenozoic  fresh  water  lakes  extend  from  the 
Laramie  mountains  eastward  into  Nebraska  and  Dakota.  The 
sediment  deposited  was  largely  clay,  sand  and  shale,  which 
seldom  formed  a  hard  rock.  Since  these  beds  were  deposited 
after  the  mountain  making,  they  are  unconformable  with  the 
Mesozoic,  the  Mesozoic  usually  dipping  from  lo  to  80  degrees 
and  the  Cenozoic  lying  nearly  horizontal  upon  the  upturned 
edges.  This  great  unconformability  is  the  only  very  marked 
one  in  the  Rocky  Mountain  geology  above  the  great  uncon- 
formability between  the  Algonkian  and  Cambrian,  and  in  all 
cases  will  serve  as  a  guide  to  separate  the  rocks  of  the  Ceno- 
zoic and  Mesozoic  eras. 

Another  characteristic  feature  is  the  almost  universal 
"bad  land"  topography,  typical  examples  of  which  can  be  seen 
in  Goshen  Hole,  Bates  Hole,  Big  Horn  Basin,  Green  River 
Basin  and  north  of  the  Rattlesnake  range.  The  "bad  lands" 
are  usually  sections  almost  devoid  of  vegetation,  with  narrow, 
deep  gulches,  which  are  often  small  canons,  bounded  by  great 
walls  that  are  nearly  vertical,  and  culminating  in  tower  and 
castle-like  formations.  Now  and  then  these  castellated  ter- 
races merge  into  imaginary  crumbling  cities  and  villages  and 
make  some  of  the  most  fascinating  scenery  in  the  state.  There 
are  also  many  places  where  the  water  has  burst  forth  from 
the  base  of  a  high  bhiflf  and  caused  a  g^eat  cavern  leading 
backwards  and  upwards  to  open  into  the  soft  rock  to  the  sur- 


168  Wyoming  Experiment  Station, 

face.  These  caverns  are  sometimes  two  or  three  hundred 
feet  in  length  and  are  large  enough  to  admit  a  man.  They  are 
caused  by  the  water  settling  on  the  surface  and  coming  in 
contact  with  the  sandy  formation,  causing  it  to  flow  like  a 
stream  of  very  soft  mud. 

Following  the  Tertiary  period  of  the  Genozoic  was  the 
Pleistocene,  in  which  great  changes  were  wrought.  The  cli- 
mate of  North  America,  as  well  as  of  the  Orient,  suddenly 
changed,  and  great  ice  sheets  commenced  to  accumulate  in 
the  north  and  move  southward.  This  was  the  glacial  period, 
and  the  ice  sheet  extended  as  far  south  in  the  eastern  part  of 
the  United  States,  as  the  Ohio  river,  but  not  nearly  so  far  in 
the  west.  These  conditions  changed  everything.  The  animal 
life  that  could  not  or  did  not  migrate  became  extinct.  The 
flora  and  fauna  disappeared.  Following  this  period  of  devas- 
tation was  one  of  the  retreat  of  the  glaciers  and  the  estab- 
lishment of  modem  conditions. 

The  Cenozoic  formations  do  not  enter  into  any  of  the 
artesian  basins  of  the  state  as  important  factors;  but  slight 
flows  of  water  may  be  found  in  them.  In  many  instances  Ter- 
tiary rocks  have  completely  covered  thousands  of  square 
miles  of  earlier  strata,  which  otherwise  would  have  been  pro- 
ductive territory.  In  a  few  places  it  will  be  found  advisable 
to  pierce  the  Tertiary  where  it  is  thin  and  secure  artesian  wa- 
ter in  the  earlier  rocks.  For  example,  along  the  south  side 
of  the  Big  Horn  range,  near  Lost  Cabin,  near  Oregon  Buttes 
and  in  Goshen  Hole. 
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THE  TERTIARY  PERIOD. 

CLASSIFICATION  OF   WYOMING  TERTIARY. 

Thickness  of  stages 
in  feet. 
Pliocene? 
Miocene  . .  -j  Loup  Fork 500 

Tertiary. ^^"8°=«"«-  \  ?f^j}^  ^'"^ JJoo? 

^  i  Bndger 1500? 

Eocene  . . .  ■(  Green  River looo 

(  Wasatch lOOO 

The  Eocene  formations  of  Wyoming  are  confined  chiefly 
to  the  Green  River,  the  Wind  River  and  Big  Horn  basins, 
which  were  fresh  water  lakes  during  the  early  and  middle 
Eocene  stages.  While  these  lakes  were  in  existence  there 
were  Tertiary  Eocene  seas  in  which  sediments  were  being  de- 
posited, along  the  southeastern  coast  of  the  United  States  and 
also  along  the  Pacific  Coast  region,  as  well  as  at  numerous 
other  places  in  the  world.  The  earliest  stage  of  the  Eocene 
which  occurs,  so  far  as  known,  has  been  found  onlv  in  New 
Mexico,  and  is  called  the  Puerco. 

THE    WASATCH    STAGE. 

In  Wyoming  the  Wasatch  is  the  earliest  representative 
of  the  Eocene  and  is  composed  of  variegated  beds  of  clay 
and  sand  with  occasional  bands  of  sandstone.  The  clays  are 
of  a  dark  red,  shading  into  pink,  and  in  places  yellow  and 
brown.  The  sands  are  light  colored  and  so  soft  that  a  rain 
storm  will  cause  them  to  run  like  a  stream  of  water.  This  is 
the  lowest  Tertiary  formation  of  both  the  Green  River  and 
Big  Horn  basins,  and  has  a  thickness  of  about  1,000  feet.  Es- 
timates have  been  made  that  placed  the  thickness  of  the  Wa- 
satch at  from  3,000  to  4,000  feet,  but  I  have  been  unable  to 
confirm  these.  This  stage  is  characterized  by  the  remains  of 
many  turtles,  crocodiles  and  mammals.     Some  of  the  latter 

were  very  large,  almost  of  elephantine  size,  but  a  description 
-(12) 
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in  a  brief  way  would  draw  out  this  section  to  an  unreasonable 
length,  since  mammals  were  the  dominant  life. 

THE  GREEN  RIVER  STAGE. 

The  Green  River  rocks  differ  entirely  from  the  Wasatcli, 
and  they  also  differ  in  the  kinds  of  fossils  found.  A  typical 
section  of  the  Green  River  stage  is  exposed  at  Green  River, 
on  the  Union  Pacific  railroad.  The  rocks  are  shales  or  shaley 
sandstones  capped  with  a  thick  band  of  brown  sandstone. 
The  shales  are  mostly  bituminous,  and  there  are  bands  that 
contain  as  high  as  45  per  cent  of  gas  and  oil.  In  many  io:ali- 
ties  the  shales  are  found  in  very  thin  layers,  and  the  bedding 
has  been  so  perfect  that  they  separate  into  large  plates  that 
are  from  a  quarts  of*  an  inch  to  an  inch  in  thickness.  The 
surfaces  of  these  plates  are  so  smooth  that  they  may  some  day 
be  of  commercial  importance.  The  thickness  of  this  stries 
has  also  been  greatly  overestimated  by  early  geologists,  and 
it  is  more  than  likely  that  it  does  not  attain  a  thickness  at  any 
place  of  over  1,000  feet.  Besides  being  made  up  of  shales, 
they  also  have  many  other  peculiarities  that  will  aid  in  identi- 
fying them.  These  shale  beds  contain  many  petrified  fish, 
which  are  so  perfect  and  remarkable  that  they  are  known  the 
world  over.  The  fish  are  closely  related  to  the  modem  forms 
and  vary  in  size  from  a  few  inches  in  length  to  five  and  a  half 
feet,  and  when  taken  out  and  properly  cleaned,  the  remains 
are  a  mahogany  color  set  upon  a  slab  of  creamy  white  shale. 
Besides  the  fish  there  are  found  insects,  birds,  leaves  and 
crocodiles. 

It  is  worthy  of  special  note  that  no  mammalian  remains 
have  ever  been  discovered  in  this  formation. 

THE  BRIDGER  STAGE. 

The  Bridger  stage  rests  upon  the  Green  River  shale  and 
the  strata  are  variegated  clays,  sands  and  sandstones.     The 
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clays  near  the  base  of  the  stage  are  a  vermillion  red  and  shade 
into  or  alternate  with  lighter  colored  bands.  Toward  the  top 
the  rocks  change  into  bands  of  sandstone  and  clays  and  often 
quite  thick  beds  of  breccias  and  conglomerates.  It  exceeds 
either  of  the  previous  stages  in  thickness,  but  absolute  meas- 
urements are  not  at  hand.  The  greatest  area  of  Bridger  is  in 
southwestern  Wyoming,  but  there  are  important  escarpments 
in  the  Wind  River  basin  and  Red  desert. 

The  fossils  consist  of  a  few  fresh-water  invertebrates, 
and  monkeys,  carnivors,  insectivors,  ungulates,  rodents,  birds, 
turtles,  snakes,  crocodiles  and  some  large  types  of  mammal 
life. 

The  Bridger  represents  the  closing  stage,  of  the  Eocene 
in  Wyoming,  but  to  the  southward  and  across  the  L-inta 
mountains  there  is  yet  another  stage  known  as  the  Uinta,, 
which  represents  the  highest  horizon  of  the  Eocene  in  the 
mountain  region.  This  group  might  have  covered  a  poition 
of  southwestern  Wyoming  during  the  Miocene  and  Pliocene 
times,  but  was  too  soft  to  withstand  the  great  erosion.  At 
the  close  of  the  Eocene  the  basins  in  which  the  sediment  had 
been  accumulating  drained,  the  Green  river  draining  the 
southern  basin  and  the  Big  Horn  draining  the  Big  Horn  and 
Wind  River  basins. 

OLIGOCENE   STAGE. 

There  was,  however,  a  great  fresh  watei"  lake  b'^mg 
formed  to  the  eastward  of  the  Laramie  mountains  and  the 
Black  Hills,  and  in  this  sediment  continued  to  form. 

The  lowest  stage  of  this  lake  is  known  as  the  Oligocene, 
and  beds  are  usually  called  the  White  River  formation.  They 
are  largely  clays  and  sands  and  weather  into  the  typical  'bad 
lands."  There  are  only  slight  exposures  of  the  Oligocene  in 
Wyoming,  since  the  strata  have  been  covered  with  Miocene, 
and  unless  this  covering  has  been  removed  the  only  exposures 
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are  found  at  the  base  of  the  Miocene  bluffs,  where  the  Oli- 
gocene  rests  upon  the  Cretaceous.  The  best  exposures  are 
found  in  Converse  county,  along  the  tributaries  of  the  Chey- 
enne river,  and  in  Bates  Hole.  The  beds  vary  in  thickness 
from  300  to  500  or  more  feet.  In  other  localities  there  are 
numerous  invertebrate  fossils  and  also  a  flora,  but  in  Wyo- 
ming these  are  absent.  The  life  found  in  the  Oligocene  in 
this  state  is  chieflv  mammalian.  There  were  also  numerous 
turtles  and  a  few  crocodiles.  Carnivorous  animals  were  nu- 
merous and  were  represented  by  several  types,  especially  cats. 
The  three-toed  horses  were  common.  There  were  many  ani- 
mals that  belong  to  the  rodents    (gnawing  animals).     The 

largest  animal  was  the  huge  Titanotherium,  which  was  herb- 

> 

ivorous  and  nearly  as  large  as  an  elephant. 

THE  MIOCENE  STAGE. 

The  Oligocene  and  Miocene  were  practically  deposited 
in  the  same  basin,  the  Miocene  representing  the  last  stage  in 
tlie  history  of  the  great  fresh  lake.  The  Miocene  rocks  are 
chiefly  light  colored  and  in  southeastern  Wyoming  they  are 
capped  with  a  thick  bed  of  conglomerate  which  extends  east- 
ward into  Nebraska.  The  strata  are  quite  soft  and  easily 
•eroded  mto  picturesque  columns  and  spires,  which  are  so  well 
4eveloped  in  the  "band  lands."  The  Miocene  rocks  have  their 
greatest  development  east  of  the  Laramie  mountains,  where 
they  approximate  1,500  feet  in  thickness.  They  are  also  known 
in  the  Yellowstone  park  and  in  the  Saratoga  valley. 

Life  was  very  abundant.  In  the  Yellowstone  park  a  large 
flora  has  been  discovered  that  is  very  much  like  the  plants 
of  today.  Deciduous  trees  were  numerous.  Among  the  mam- 
mals which  were  very  common  were  wolves  and  tigers  of 
very  ferocious  types,  camels,  horses,  mastodons,  elephants 
(primitive),  and  rhinoceroses,  the  remains  of  which  are  com- 
mon in  the  Wyoming  formation. 
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THE  PLIOCENE  STAGE. 

This  epoch  is  in  all  probability  absent  in  Wyoming. 
Early  writers  referred  the  beds  east  of  the  Laramie  mountains 
to  Pliocene,  but  it  is  definitely  known  that  these  are  Miocene. 

This  was  the  culminating  epoch  of  the  Tertiary  and  prac- 
tically introduced  the  types  of  animals  that  we  are  familiar 
with  today. 


THE  PLEISTOCENE  PERIOD. 

• 

The  Pleistocene  or  Quarternary  represents  recent  geo- 
logical time.  Man  was  probably  born  on  earth  at  the  com- 
mencement of  this  period.  The  interior  fresh  water  lakes  had 
been  drained  and  elevated  during  the  Pliocene  epoch,  and 
Wyoming  was  no  longer  composed  of  high  mountain  ranges 
separated  by  beautiful  fresh- water  lakes,  about  which  were 
magnificent  forests  that  were  swarrriing  with  the  greatest  ^'a- 
riety  of  mammalian  life.  Conditions  changed  when  the  whole 
state  was  elevated  some  three  or  four  thousand  feet,  which 
caused  it  to  become  an  arid  plateau.  Our  mountain  ranges 
were  very  different  from  what  they  are  today,  since  they  were 
very  much  higher,  probably  over  5,000  feet  above  the  present 
elevations.  The  valleys  were  also  higher  and  the  g^eat  deep 
canons  had  not  been  hewn  out  of  rock. 

The  commencement  of  the  Pleistocene  was  marked  bv  the 
glaciation  of  the  greater  part  of  North  America,  the  great  ice 
sheet  extending  down  to  the  Ohio  river  and  as  far  west  as 
eastern  Kansas;  thence  northwest  to  British  America.  In 
Wyoming  glaciers  existed  at  the  same  time,  but  they  were  of 
the  Alpine  type  and  did  not  move  down  the  mountain  slopes 
and  fill  the  large  valleys.  Glaciers  were  numerous  in  the 
Wind  River  mountains,  the  Yellowstone  park,  the  Absaroka, 
the  Shoshone  mountains,#the  Big  Horn  and  Medicine  Bow 
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mountains.  Glaciers  also  reached  the  Wyoming  line  from  the 
Uinta  mountains,  in  the  southwestern  part  of  the  state.  At 
present  there  are  a  few  small  remnants  of  these  glaciers  in 
our  highest  mountains.  The  glacial  period  comprised  many 
intervals  in  the  eastern  part  of  the  country,  but  no  divisions 
have  been  discovered  in  Wyoming.  The  first  stage  of  the 
Pleistocene  was  one  of  grinding  down  the  high  mountain 
ranges,  of  leveling  rough  country,  and  the  second  of  covering 
the  rocks  with  soil,  and  later  by  establishing  perfect  drainage 
systems  and  perfecting  climatic  conditions,  which  was  prepar- 
ing it  for  the  use  of  man.  During  the  first  part  of  this  period 
the  hairy  mammoth  and  mastodon  lived,  and  with  them 
horses,  bison,  bears,  wolves,  tigers  and  numerous  other  ani- 
mals. Not  many  of  the  early  Pleistocene  animals  have  been 
found  in  Wyoming,  but  no  doubt  there  are  vast  fields  that  will 
yet  reward  the  persevering  scientist.  The  remains  of  ele- 
phants have  already  been  discovered  and  in  some  of  the  caves 
numerous  animals  will  probably  be  found  that  belong  to  this 
very  period. 

This  terminates  the  geological  sketch.  It  has  been  ex- 
ceedingly brief,  but  it  is  hoped  that  enough  has  been  said  to 
enable  the  citizens  of  this  state  to  decipher,  in  part  at  least, 
the  geology  about  their  own  homes  and  to  utilize  this  inform- 
ation in  studying  the  questions  pertaining  to  artesian  basins. 

There  is  One  other  matter  that  should  be  referred  to.  The 
lessons  taught  in  the  study  of  geology  are  indeed  many  and 
as  a  rule  they  present  many  interesting  phases.  In  reading  or 
studying  geology,  consider  these  few  points  at  least. 

This  world  of  ours  has  not  always  existed ;  that  it  has  in 
some  very  remote  age  been  created.  That  originally  there 
was  no  life  on  this  sphere — that  life  was  born  and  at  the  first 
it  was  extremely  simple;  but  as  geological  ages  rolled  by  it 
became  more  and  more  complicated  until  finally  man  appeared 
as  the  culminating  event. 


176  Wyoming  Ewperimeni  Station. 

The  subject  of  historical  geology  deals  with  the  develop- 
ment of  life  as  the  records  are  found  in  the  rocks.  In  fact,  it 
is  the  history  of  the  world's  development.  The  history  had 
for  its  author  the  Creator  and  Ruler  of  this  universe — ^a  his- 
tory written  by  God  Himself,  undefiled  and  undefilablt  by 
man. 

To  those  who  are  interested  in  the  study  ef  geology  and 
wish  to  perfect  themselves  in  the  science,  I  respectfully  refer 
them  to  the  text-books  published  by  Dana,  LeConte  and 
Scott. 
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Water- Bearing  Zones. 

All  formations  have  water-bearing  zones  under  favorable 
conditions.  Drill  a  well  where  one  will,  and  at  some  depth 
water  will  be  found.  The  water  zones  that  are  to  be  discussed 
under  this  head  are  the  favorable  formations  in  the  artesian 
basins  of  Wyoming.  Sometimes  a  whole  formation  contains 
water,  while  on  the  other  hand  only  a  single  band  may  be 
productive.  Porous  rocks  of  any  kind  between  two  imper- 
vious strata  form  the  ideal  condition,  hence  sandstones  are 
often  known  as  water-bearing  rocks.  Besides  being  porous,  it 
is  necessary  for  the  stratum  to  have  a  greater  water  supply 
than  the  rainfall  furnishes,  in  the  arid  regions,  before  it  can 
be  worthy  of  consideration  In  an  artesian  basin  there  are 
two  principal  ways  in  which  the  stratum  may  gather  a  water 
supply.  The  most  important  sources  are  found  high  up  along 
the  ranges,  where  the  precipitation  is  much  in  excess  of  that 
of  the  valleys,  and  where  the  melting  snows  constantly  feed 
the  stratum  so  long  as  the  snow  lasts.  The  elevation  of  the 
stratum  not  only  provides  it  with  a  supply  of  water,  but  also 
furnishes  hydrostatic  pressure  for  the  wells  to  be  drilled  along 
the  foot  of  the  mountain  or  in  the  valley.  A  second  source  is 
from  the  streams  that  cross  the  upturned  strata.  In  man>  in- 
stances we  will  find  a  good-sized  brook  in  the  granitic  areas, 
but  by  the  time  the  stream  has  passed  oner  a  few  hundred 
rods  of  sedimentary  rocks,  on  edge  or  nearly  so,  the  volume 
will  be  found  greatly  diminished  and  sometimes  it  entirely 
disappears.  On  account  of  these  conditions  the  most  favora- 
ble water-bearing  zones  will  be  found  in  the  formations  that 
extend  highest  up  along  the  mountain  slope,  unless  the 
rocks  are  faulted  or  so  eroded  as  to  allow  the  water  to  escape 
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near  the  base  of  the  mountain  and  prevent  storage.  There  are 
also  other  considerations  to  be  taken  into  account  that  pertain 
to  the  water  zones.  It  is  not  simply  water  that  is  needed, 
but  it  must  be  sufficiently  pure  to  be  utilized  for  town,  stock 
and  irrigation.  In  order  to  meet  these  requirements  it  must 
not  contain  much  mineral  and  be  comparatively  free  from  sul- 
phur and  entirely  devoid  of  petroleum.  AU  of  these  are  asso- 
ciated with  wells  and  springs  in  Wyoming.  A  well  at  Green 
River  contains  24  per  cent  of  sal  soda;  a  spring  near  Beaver 
oil  basin  contains  10  per  cent  of  sal  soda;  a  well  on  Twin 
creek  flows  oil  and  sulphur  water,  and  many  wells  at  ranches 
all  over  the  state  have  had  to  be  abandoned  on  account  of  the 
salts  of  soda  and  magnesium.  There  are  a  few  general  rules 
that  can  be  applied  to  the  water-bearing  rocks  of  Wyoiiiing. 
The  Paleozoic*  rocks  contain  the  purest  water,  and  it  is  always 
good  unless  found  in  the  regions  where  petroleum  occurs,  or 
occasionally  contains  a  little  common  salt.  The  water  is  usually 
hard,  since  it  contains  considerable  lime.  The  Paleozoic  is  also 
the  most  desirable  since  it  will  be  found  to  furnish  the  larg- 
est flows.  In  the  Mesozoic,  waters  usually  carry  large  ;.er- 
centages  of  salts,  especially  sulphates  of  sodium,  calcium  and 
magnesium.  Wells  drilled  at  random  in  these  rocks  wil'  as 
a  rule  contain  inferior  water  and  in  many  cases  it  will  be 
found  unfit  for  any  use.  The  choicest  bands  in  the  Mesozoic 
are  Triassic  and  the  Dakota  of  the  Cretaceous.  The  Triassic 
yields  poor  water  for  household  purposes  when  the  well  re- 
ceives a  water  supply  from  a  gypsum  bed,  but  it  is  in  no  way 
detrimental  for  irrigation.  Occasionally  a  flow  of  salt  water 
is  encountered  in  the  Dakota.  Above  the  Dakota  the  chances 
to  secure  good  water  diminish,  and  anyone  drilling  in  any  of 
the  Cretaceous  rocks  from  the  Benton  up  should  consider  that 
the  chances  to  secure  poor  water  are  greater  than  those  to  se- 
cure good.    Especially  is  this  applicable  to  coal  regions.    There 


'Earlier  rocks  are  not  considered  under  this  head. 
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would  not  be  sufficient  evidence  to  warrant  anyone  in  caiimg 
it  a  water-bearing  zone.  Below  the  mountain  slopes  the  Tri- 
assic  red  sanstones  and  the  Dakota  sandstones  usually  have 
springs  accompanying  them.    ' 

The  Cenozoic  will  not  be  considered  under  this  head, 
since  few  if  any  artesian  wells  will  be  found  in  these  i^nrks. 
So  far  as  investigation  has  gone,  the  Tertiary  waters  are 
generally  impregnated  with  sodium  carbonate  and  sulphate, 
which  has  been  found  so  plentiful  as  to  render  them  useless 
for  any  purpose  imless  it  be  for  the  manufacture  of  soda. 

The  following  table  will  give  some  information  as  to  the 
general  nature  of  water  that  may  be  found  in  the  various  ge- 
ological horizons: 

Miocene. — As  a  rule  the  water  is  very  good.  (In  Da- 
kota this  formation  yields  \ery  poor  water). 

Oligocene. — Water  contains  soda  salts  and  magn.»sium 
generally;   but  good  water  is  found  occasionally. 

Eocene. — Very  inferior  water,  salts  of  soda  beinj::  the 
most  common ;   water  often  alkaline. 

Laramte. — Water  very  poor,  but  often  good  for  irriga- 
tion. Sulphur  water  common,  also  salts  of  soda,  lime  and 
magnesium.  Occasionally  good  water  in  thick  bands  of  sand- 
stone. 

Fox  Hills. — Roth  good  and  bad  water,  about  equally 
divided. 

Fort  Pierre. — Very  poor  water  as  a  rule. 

Niobrara. — Good  water  is  found  in  the  chalks;  other- 
wise inferior. 

Fort  Renton. — Usually  inferior  water. 

Dakota. — Excellent  water  in  the  sandstones,  usually 
quite  soft.  Sometimes  brackish.  In  the  oil  fields  usually 
sulfurous  and  otherwise  disagreeable. 

Jurassic. — Usually  very  poor;  a  few  bands  of  sandstone 
furnish  fair  water. 
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Triassic. — Excellent  water  except  in  connection  with 
the  beds  of  gypsum. 

Permian  and  Carboniferous. — Excellent  hard  water, 
except  in  the  oil  districts.     Brackish  ^ater  found  at  RawMns. 

Devonian. —  ? 

Ordovician. — Excellent  hard  water. 

Cambrian. — Excellent  water.  Near  the  base  of  the  beds 
usually  quite  soft. 

Algonkian. — Very  good  water  except  in  mineralized 
districts.  Where  the  water  comes  from  any  great  depth  it 
contains  various  salts. 

Arch^an — The  purest  water  found  in  the  state  except 
in  mineralized  districts. 
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Artesian  Wells. 


The  name  artesian,  as  applied  to  wells  today,  was  derived 
from  the  name  of  French  province  Artois,  where  welis  of  this 
nature  first  became  famous.  In  reality,  the  artesian  well  is 
not  a  modern  discover}^  for  in  the  old  Carthusian  convent  at 
Lillers  there  is  a  well  that  has  flowed  a  constant  stream  since 
the  twelfth  century.  There  are  other  data  which  antedates 
this,  and  it  is  probable  that  flowing  wells  were  known  to  the 
Chinese  and  Egyptians  as  early  as  the  Christian  era. 

Originally  the  word  artesian  meant  flowing  wells  only; 
but  the  meaning  has  been  so  broadened  in  the  United  States 
that  it  includes  flowing  wells,  wells  in  which  the  water  rises 
nearly  to  the  surface,  and  also  bore  holes  that  contain  water, 
it  matters  not  how  far  it  is  from  the  surface.  Wells  that  do 
not  flow  are  not  in  reality  artesian;  but  much  less  are  those 
artesian  where  the  water  has  to  be  elevated  from  50  to  300  feet. 
The  term  as  used  in  this  bulletin  will  apply  only  to  flowing 
wells.  In  justice  to  some  who  have  used  the  word  in  a  broader 
sense,  it  may  be  well  to  state  that  wells  not  flowing  have  been 
called  negative  artesian  wells,  and  those  flowing  positive  ar- 
tesian wells.  The  word  as  used  in  this  bulletin  answers  the 
scientific  definition  of  an  artesian  well,  as  will  be  found  in 
all  physical  geographies  and  geologies. 

In  order  to  secure  an  artesian  well  it  is  necessary  that  the 
strata  dip  and  that  they  extend  above  the  level  of  the  mouth 
of  the  well  sufficiently  high  to  furnish  a  water  storage  and 
also  hydrostatic  pressure.  Usually  the  stratum  containing  the 
vrater  is  quite  porous  and  is  confined  between  two  imperme- 
able strata.  In  nearly  every  artesian  basin  there  are  numer- 
ous water-bearing  horizons,  all  of  which  may  become  tributary 
to  a  single  flow;  or  they  may  be  brought  to  the  surface  in 
individual  pipes.  It  is  not  an  uncommon  thing  to  secure  seve- 
ral kinds  of  water  in  drilling  a  deep  well.  One  stratum  may 
-(13) 
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contain  an  unusual  amount  of  gypsum  or  sulphuretted  hydro- 
gen, which  would  render  it  unfit  for  household  use ;  but  would 
in  no  way  interfere  with  irrigation.  Water  of  this  kind  could 
be  brought  to  the  surface  in  an  independent  pipe  and  utilized 
for  irrigation  purposes.  It  often  happens  that  a  good  flow  of 
hard  water  is  found  and  just  below  it  a  flow  of  soft  water. 
These  can  also  be  separated  in  the  same  way.  During  the 
last  fifty  years  well  drilling  has  improved  in  many  ways,  and 
especially  in  sinking  deep  wells  and  passing  through  very 
soft  strata.  A  century  ago  a  well  500  feet  deep  was  a  remark- 
able one ;  but  at  the  present  time  there  are  wells  that  are  over 
6,000  feet  deep. 

In  drilling  deep  wells  a  great  deal  depends  upon  the  nature 
of  the  strata. 

•  In  Wyoming  wells  can  usually  be  drilled  in  the  Paleozoic 
rocks  without  the  use  of  casing,  unless  it  is  put  in  to  shut 
oflF  a  water  flow.  In  the  Mesozoic  rocks  the  conditions  are 
entirely  different  and  a  driller  should  be  ready  to  handle  a 
bad  cave  in  any  of  the  formations  above  the  Triassic.  In 
localities  where  no  test  wells  have  been  drilled,  it  will  always 
be  advisable  to  start  a  large  well,  if  drilling  in  the  Mesozoic 
strata,  so  as  to  allpw  for  casing  the  caves  and  to  finish  with  a 
medium  bit.  Whenever  it  is  possible,  a  careful  geological  sec- 
tion should  be  made  of  the  strata  through  which  the  well  is  to 
be  drilled.  For  in  this  way  a  driller  can  locate  approximately 
the  soft  bands  and  be  prepared  to  handle  caves  and  also  judge 
of  the  size  of  drill  to  start  with  to  reach  a  certain  zone.  In 
making  a  section,  one  should  examine  the  strata  in  which  the 
well  is  to  be  drilled  where  they  are  found  outcropping  along 
the  surface  on  a  mountain  slope  or  in  a  canyon.  In  taking 
measurements  for  thickness,  make  due  allowance  for  dip. 

It  occasionally  happens  that  after  a  flow  has  been  obtained 
it  suddenly  disappears  when  the  drill  pierces  a  porous  stratiun 
which  does  not  contain  water.  Occasionally  this  may  happen 
when  the  well  is  practically  finished  or  that  the  depth  limit 
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has  been  reached.  In  a  case  of  this  kind,  it  is  very  important 
that  the  well  be  reclaimed  if  possible.  The  following  sugges- 
tions may  often  prove  to  be  of  value.  In  case  the  well  cannot 
be  drilled  deeper,  and  the  flow  of  water  was  satisfactory  be- 
fore it  was  lost,  it  will  be  advisable  to  make  a  seed  bag  about 
the  size  of  the  well.  The  bag  is  made  by  sewing  up  a  piece 
of  leather — buckskin  is  excellent — making  a  sack  that  when 
filled  with  flaxseed  will  be  about  a  foot  in  length.  Be  sure  to 
make  this  sack  so  that  when  filled  it  will  be  small  enough 
to  be  dropped  by  means  of  a  rope  to  the  bottom  of  the  well 
without  causing  any  trouble.  Before  lowering,  have  the  bag 
tied,  or  better,  sewed.  As  soon  as  the  sack  is  in  place  it 
should  be  packed  by  lowering  the  **string  of  tools"  with  a 
cylindrical  wooden  block  in  place  of  a  drill  and  this  allowed  to 
fall  gently  a  few  times.  The  flaxseed  will  swell  immediately 
and  in  a  short  time  the  flow  of  water  will  be  blocked  and  it 
will  rise  in  the  well.  Several  precautions  are  necessary  to  do 
this  work  successfully.  The  drill  hole  in  the  porous  band 
should  not  be  deeper  than  the  seed  bag  is  long;  if  deeper,  it 
can  be  filled  with  sand  or  rock.  In  case  a  mistake  is  made 
with  the  first  a  second  seed  bag  can  be  lowered.  As  soon  as 
the  bottom  of  the  well  has  been  blocked  and  the  water  com- 
mences to  rise  a  second  block  can  be  put  in.  This  should  be 
of  Portland  cement.  The  cement  should  be  mixed  so  that  it 
will  pass  through  a  pipe  easily.  A  pipe  should  be  lowered 
nearly  to  the  bottom  of  the  well — say  a  foot  from  it.  Then 
the  water  should  be  forced  out  of  the  tube  by  applying  air 
under  pressure  until  the  bubbles  rise  in  the  well.  Then  the 
cement  should  be  allowed  to  flow  into  the  tube  without  permit- 
ting any  air  to  enter,  and  the  bottom  of  the  well  filled  to  the 
depth  of  a  foot.  This  cement  will  soon  harden  and  make  a 
permanent  blocking. 

The  seed  bag  will  also  be  found  useful  in  many  instances 
when  a  flow  of  very  poor  water  has  been  found  below  good 
water,  and  it  has  been  found  advisable  to  block  the  well,  rather 
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than  attempt  to  pack  with  some  of  the  usual  packers  now  in 
use. 

It  often  happens  that  a  deep  well  has  to  be  finished  with 
a  very  small  drill  and  that  it  is  impossible  to  ream  it  out  after 
completion.  If  the  water-bearing  zone  is  a  solid  sandstone 
or  limestone  it  will  be  found  advisable  to  shoot  the  well  with 
dynamite  or  a  little  nitro-glycerine.  By  an  explosion  of  this 
kind  on  the  bottom  of  the  well  a  greater  surface  will  be  opened 
up  and  the  flow  materially  increased.  There  is  one  precaution 
necessary.  If  the  water-bearing  zone  has  been  punctured  with 
the  drill,  and  the  stratum  below  happens  to  be  thin,  there  is  a 
chance  that  the.  floor  of  the  water-bearing  zone  would  be  frac- 
tured, and  cause  the  water  to  enter  a  porous,  non- water-bear- 
ing zone  below  and  never  rise  to  the  surface  again. 

The  cost  of  drilling  wells  will  vary  greatly.  It  has  been 
customary  for  drillers  to  charge  $2.00  per  foot  to  drill  shallow 
wells,  while  in  the  east  the  cost  of  drilling  deep  wells  ranges 
from  40  cents  to  $2.00  per  foot.  Wells  ihat  can  be  drilled 
along  lines  of  railroad  in  Wyoming  should  be  drilled  to  a 
depth  of  4,000  feet  at  a  cost  of  not  to  exceed  $2.00  per  foot; 
understanding  that  this  price  does  not  include  casing.  When 
any  of  the  basins  in  the  state  become  known  by  drilling  wells, 
the  price  of  drilling  will  rapidly  diminish,  for  the  informa- 
tion obtained  by  one  will  in  all  cases  be  very  beneficial  to  those 
who  follow,  and  in  the  majority  of  cases  the  well  will  not  only 
show  the  nature  of  the  strata,  but  also  the  places  where  casing 
is  necessary. 

There  is  one  danger  that  will  possibly  affect  more  or  less 
the  artesian  wells  in  the  future.  Each  basin  has  a  certain  ca- 
pacity and  the  moment  that  the  tax  is  greater  than  the  supply 
all  wells  securing  water  from  that  particular  zone  in  a  com- 
munity will  be  affected.  In  some  artesian  basins  in  the  world 
the  wells  have  increased  in  number,  until  finally  none  of  them 
would  flow  at  all.  Such  is  the  case  in  the  basin  near  Denver 
The  question  of  drillmg  tii*.  proper  number  of  wells  in  any 
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basin  is  one  that  should  be  considered;  but  there  is  no  law 
that  can  in  any  way  regulate  it,  since  each  land  owner  would 
have  equal  rights  in  a  case  of  this  kind.  All  will  admit,  no 
doubt,  that  a  basin  with  200  flowing  wells  that  would  irrigate 
considerable  land  would  be  far  superior  to  500  that  would 
furnish  only  enough  water  for  ranch  use. 

Up  to  this  time,  none  of  the  ranchmen  in  Wyoming  seem 
to  have  considered  the  advisability  of  drilling  to  secure  ar- 
tesian water  for  irrigation  purposes.  The  question  of  water 
storage  has  been  advocated  for  several  years  and  a  number  of 
small  reservoirs  have  been  put  in,  and  a  few  large  ones  arc 
being  constructed.  Nature  has  already  arranged  an  under- 
ground storage  of  water  in  many  places  in  the  state,  and  these 
should  be  considered  before  vast  sums  of  money  are  spent  in 
erecting  dams  to  retain  water  during  flood-tide.  Irrigation 
by  means  of  artesian  wells  is  not  a  new  nor  untried  scheme. 
It  has  met  with  success  in  numerous  instances,  especially  in 
California. 

Up  to  the  present  time  very  little  attention  has  been  paid 
to  artesian  well  drilling  in  this  state.  There  are,  however,  a 
few  flowing  wells,  many  of  which  were  drilled  for  oil  or  in 
search  of  oil  and  gas.  In  the  Laramie  basin  there  are  a  dozen 
wells  ranging  from  100  to  1400  feet  in  depth,  but  the  ma- 
jority being  less  than  300  fe^t  in  depth.  The  wells  near  Lara- 
mie have  all  been  drilled  in  Triassic  sandstone  and  two  or 
three  have  penetrated  the  Permian  rocks  below.  While  many 
of  these  furnish  ample  water  for  a  large  ranch,  none  of  them 
could  be  considered  as  producing  enough  for  irrigating  a  small 
tract  of  land.  With  depth,  the  flow  of  all  of  these  wells  could 
be  greatly  increased.  For  example,  the  greatest  flow  of  water 
in  the  Laramie  basin  will  be  found  at  the  base  of  the  Carbonif- 
erous in  a  coarse  grit  or  in  contact  with  the  granite.  To  reach 
this  lower  zone,  the  deep  wells  would  have  to  be  drilled  from 
600  to  800  feet  deeper.  The  flow  of  water  should  be  at  least 
ten  times  what  it  is  at  present.     At  Kiwlins  conditions  are 
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similar.  Here  the  wells  are  in  the  Carboniferous  and  the 
largest  flow  will  be  found  in  the  Cambrian,  probably  near  the 
granite.  The  Rawlins  wells  should  be  drilled  to  bed-rock  to 
insure  the  greatest  supply  of  water.  At  other  places  wells 
have  been  drilled,  but  they  are  usually  quite  shallow  and  flow 
slight  streams  of  water.  So  long  as  wells  furnish  only  small 
supplies  of  water  there  will  not  be  any  incentive  to  drill  deeper 
ones.  It  must  be  remembered  that  it  will  be  the  deep  wells 
that  will  furnish  large  flows,  and  without  these  we  cannot  ex- 
pect the  enthusiasm  displayed  that  would  be  had  a  few  wells 
been  drilled  that  would  produce  a  half  million  or  more  gallons 
per  day.  There  is  no  question  in  my  mind  but  that  the  future 
artesian  wells  of  Wyoming  will  irrigate  large  tracts  of  land 
and  in  some  instances  the  pressure  will  be  found  sufficient  to 
apply  the  flow  to  a  water  wheel  and  furnish  power  to  be  util- 
ized for  any  purpose.  In  South  Dakota  electric  plants  and 
mills  are  operated  by  power  direct  from  the  wells  and  the  wa- 
ter afterwards  utilized  for  irrigation. 

The  following  table  will  give  a  list  of  the  artesian  wells 
that  have  been  drilled  in  Wyoming,  together  with  such  other 
information  that  may  be  of  interest : 


Name  of  Well 


S.  W.  Downey 

O  D.  Downey 

S.  W.  Downey 

Oxford  Ranch 

Thomas  McHugh   .   .    . 
Thomas  McHugh,  No.  2 

J.  Simpson 

G.  Montague 

Ryan  Bros 

Rawlins  No   1 

Rawlins  No.  2 

Saratoga 

University 

County 

Judson 

George 


c 

9 

o 
U 


Albany 

Carbon 

Albany 
<< 

i. 

it 

ti 

«. 

Carbon 
<i 

i< 

Albany 
•I 

** 


1 


o.t: 


Triassic. 
<> 

Fox  Hills 
Permian 

9 

Triassic. 


4. 


Carboniferous 


Tertiary   . 
Permian   . 

Fox  Hills  . 
Triassic.  . 


a 
Q 


2-1 
170 

HHU 
540 
112 
117 
112 
150 
85 
487 

4m 

55 

1015 

1470 

.540 

140 


o  o. 
u. 


'4,927 

8.(i40 

Small 
«< 

1,080 

831 

8B4 

Small 

840 

108.000 

482.000 

72,000 

50.000 

Small 
Quite  large 


Kind  of  Water 


Good 

Poor 
Good 

<4 
•  I 


Good:  brackish 
Good 

«• 

Sulphur;  poor 
Good 
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E 
(« 

S5 


Guthery  .  .   . 
Rock  Springs 


Bacon  . 
Mullen 


cs 

9 
O 

U 


Johnson.  . 
Natrona.  . 
Sweetwater 
Natrona.  . 
Albany.  . 
Fremont  . 


City,  if  any 


Near  Buffalo 


Rock  Springs 
Near  Frvay  . 


Dallas 


i 

S 

"m 

V 

u 

D. 

eoiogi 
sition 

a 

V 

low 
hours 

O 

Q 

b. 

Laramie  . 

2-1 

Small.  . 

Dakota  .   . 

1000 

it 

>  • 

Laramie  . 

•      •      • 

<t 

•  • 

Niobrara  . 

•         •         a 

■     • 

Fox  Hi  Us. 

•         •         • 

Medium 

Permian  ?. 

1200 

*« 

Kind  of  Water 


Good 

Sulphur;  poor 
Poor 

Good 

Oil:  sulphur  water 


INSTRUCTIONS  FOR  LOCATING  ARTESIAN  WELLS. 

It  is  not  an  easy  task  to  locate  .with  assurance  an  artesian 
well  in  a  new  basin.  The  many  factors  entering  into  work  of 
this  kind  are  so  variable  that  a  person  may  reasonably  hesitate 
in  forming  an  opinion  or  rendering  judgment.  Unfortunately 
it  has  been  the  rule  to .  drill  regardless  of  any  scientific  data 
that  mav  be  at  hand.  When  once  an  artesian  basin  has  been 
punctured  with  a  drill  and  an  accurate  log  kept  of  the  work, 
those  that  follow  have  a  comparatively  easy  task.  In  advice 
of  this  nature  it  is  utterly  impossible  to  make  rules  that  will 
apply  to  all  cases.  It  is  also  impossible  to  give  the  necessary 
information  as  to  the  depth  of  wells  and  the  quantity  of  water 
one  might  reasonably  expect. 

The  location,  the  geological  formation,  and  the  depth  of 
the  well  all  have  an  important  bearing  on  this  subject.  A  well 
in  one  basin  2,000  feet  deep  might  furnish  1,000,000  gallons 
of  water  a  day,  while  in  another  the  flow  might  only  be  suffi- 
cient for  one  ranch  house.  Before  anyone  attempts  drilling  a 
well  in  any  of  the  basins,  unless  he  is  fortunate  enough  to  have 
ample  funds  to  experiment  with,  let  him  consider  the  following 
essentials : 

1.  Re  sure  that  you  are  in  an  artesian  basin  and  that 
there  are  strata  above  you  of  sufficient  magnitude  to  warrant 
a  storage  of  water. 

2.  Examine  the  nature  of  the  strata  and  determine  if 
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possible  the  geological  horizon,  that  you  may  compare  your 
locality  with  others,  where  wells  have  been  drilled.  If  this  can- 
not be  done  examine  the  lithological  characters  of  the  strata 
and  satisfy  yourself  whether  they  are  porous  or  impermeable 
and  note  if  at  any  point  you  can  find  springs  which  would 
signify  an  overflow  of  the  basin. 

3.  Before  drilling  estimate  the  thickness  of  the  forma- 
tions that  you  will  have  to  drill  through  and  the  difference 
in  elevation  between  the  point  where  the  rocks  were  exposed 
and  the  selected  place  for  the  well.  In  order  to  do  this,  esti- 
mate the  dip  of  the  rocks,  and  use  also  the  thickness  in  the 
estimate. 

METHOD  OF  TAKING  DIP. 

Use  a  clinometer  to  measure  the  dip  with,  but  in  case 
you  do  not  possess  one  use  an  ordinary  carpenter's  level. 
Select  some  place  along  a  gulch  or  canyon  where  the  strata 
have  been  worn  into  a  vertical  wall  and  examine  carefully  until 
you  find  the  strata  dipping  toward  the  site  of  the  well  location. 
At  this  point  p>lace  one  end  of  the  level  on  the  highest  side  of 
a  bedding  plane  and  adjust  the  instrument  until  it  is  perfectly 
level.  While  being  held  in  this  position  have  an  assistant 
measure  accurately  the  distance  from  the  elevated  end  of  the 
level  downward  to  the  bedding  plane.  In  this  way  you  have 
data  that  gives  you  the  dip  of  the  rocks  in  terms  of  inches  per 
foot  which  can  easily  be  converted  into  feet  per  mile.  Several 
readings  should  be  taken  in  an  estimate  and  these  averaged. 
In  case  the  clinometer  is  used  it  will  be  necessary  to  use  trigo- 
nometrical formulae  to  ascertain  the  number  of  feet  the  strata 
dip  per  mile.  In  either  case  it  will  be  necessary  to  measure  the 
distance  from  the  point  where  the  dip  was  taken  in  a  horizon- 
tal direction  to  the  well  location.  This  measurement  multi- 
plied by  the  dip  in  feet  or  inches  per  mile  will  give  approxi- 
mately the  depth  to  drill  to  reach  a  certain  horizon.  From 
this   depth  should  be  subtracted  the  difference  in  elevation 
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between  the  point  on  the  hill  where  the  estimate  for  dip  and 
thickness  were  made,  and  the  well. 


A  Table  Giving  the  Vertical  Depths  from  the  Surface  for  Each  One 
Hundred  Feet  Measured  Horizontally,  for  all  Degrees 

of  Dip  Between  1  and  90. 

In  using  this  table,  multiply  the  number  of  feet  you  have 
measured  horizontally,  by  the  number  of  feet  placed  after  the 
degree  of  the  dip  you  are  working  with.  For  example:  if 
the  dip  of  the  formation  is  12  degrees,  and  you  wish  to  find  out 
how  deep  you  would  have  to  drill  at  a  point  4,200  feet  away, 
you  would  have  to  multiply  the  42,  which  represents  the  num- 
ber of  hundreds  of  feet,  by  21.25  feet. 

The  estimate,  made  in  this  way,  would  be  considered  as 
horizontal  from  the  outcropping  strata,  and  from  this  should  be 
subtracted  the  difference  in  elevation. 
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1  degree 1.75  feet 

2  degrees 3.50  feet 


18  degrees 32.35  feet 


3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 
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15 
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tl 
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(4 
«« 
44 


5.26 
7.00 
8.75 
10.50 
12.50 
14.00 
16.00 
17.50 
19.50 
21.25 
23.25 
25.00 
26.75 
28.50 
30.00 


4« 
41 
44 
«4 
<« 
44 
<4 
«4 
44 
<4 
44 
«4 
«« 
«< 
«< 


19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
82 
88 
34 


44 


44 


44 


«4 


44 


44 


44 


44 


44 


41 


44 


44 


44 


«4 


«4 


<4 


84.50 
86.50 
88.50 
40.00 
42.25 
44.50 
46.75 
47.75 
51.00 
53.25 
55.50 
58.00 
60.25 
62.50 
65.00 
67.50 
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«« 
« 
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35  degrees 70.00  feet 

36  "  72.60  " 

37  "  75.25  " 

88  "  78.00  " 

39  "  81.25  " 

40  "  84.00  " 

41  "  87.00  " 

42  "  90.00  " 

43  "  93.00  " 

44  "  96.00  " 

45  "  100.00  " 

46  "  104.00  " 

47  "  107.00  " 

48  "  111.00  " 

49  "  115.00  " 

50  "  119.00  *• 

51  "  123.00  " 

52  "  128.00  •• 

53  "  133.00  " 

54  **  ......  137.00  •' 

55  "  143.00  " 

56  "  150.00  " 

57  "  154.00  " 

58  "  161.00  *• 

59  "  166.00  " 

60  "  172.50  " 

61  "  180.00  " 

62  **  188.00  " 


o.  "s2  *» 

•O  u  =  — 

S  "T  w  E  - 

^  C  c  S  o 

Q  > 

63  degrees 200.00  feet 

64  "  205.00  " 

65  **  213.00  * 

66  "  224.00  " 

67  "  235.00  - 

68  "  250.00  " 

69  •*  260.00  " 

70  "  275.00  " 

71  "  300.00  " 

72  "  308.00  " 

73  "  827.00  " 

74  "  345.00  " 

75  "  370.00  " 

76  "  400.00  " 

ii  "  433.00  " 

78  "  476.00  " 

79  "  515.00  " 

80  "  570.00  " 

81  "  633.00  " 

82  •*  714.00  " 

83  "  813.00  " 

84  "  1000.00  " 

85  "  1140.00  •• 

86  "  1430.00  " 

87  "  1912.00  * 

88  "  2865.00  " 

89  "  5714.00  " 

90  '*  


In  measuring  dip  greatest  care  should  govern  the  work 
and  average  dip  planes  considered.  In  some  instances  the 
strata  rise  and  fall  in  a  wave-like  structure,  which  makes  an 
estimate  for  depth  quite  uncertain.  Special  caution  should  be 
taken  at  all  times  in  taking  dip,  owing  to  cross-bedding  struc- 
ture of  many   sandstones,   and   especially  the   Triassic.     By 
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cross-bedding  it  is  meant  that  there  are  appearent  bedding 
planes  not  conforming  to  the  dip  of  the  strata. 

For  estimating  differences  in  elevation  an  aneroid  barom- 
eter will  be  found  useful;  but  you  must  make  an  allowance 
for  at  least  twenty-five  feet  in  reading  an  ordinary  instrument. 
In  a  case  of  this  kind  the  reading  should  be  taken  at  either  the 
top  or  bottom  of  the  slot)e  and  the  second  one  follow  as  soon 
as  possible,  in  order  to  avoid  the  error  that  may  be  caused  by 
a  change  in  the  atmospheric  pressure.  The  difference  between 
the  two  readings  gives  the  approximate  difference  in  elevation. 

In  case  you  cannot  secure  an  aneroid  barometer,  use  the 
same  method  as  recommended  for  determining  the  dip  of  the 
rocks.  Select  a  place  if  possible  where  you  can  sight  from  the 
exposed  stratum  down  to  the  well  location.  Arrange  a  piece 
of  2x4  on  this  line,  which  will  represent  the  average  slope  of 
the  mountain  or  hill,  and  then  apply  the  level  and  square, 
which  will  give  you  the  inches  fall  per  foot,  and  knowing  your 
horizontal  distance  you  can  easily  estimate  the  elevation.  It 
will  often  happen  that  one  cannot  sight  the  entire  distance. 
Then  it  will  be  necessary  to  take  several  readings  and  also 
horizontal  measurements  and  add  the  results  for  entire  eleva- 
tion. 

In  case  a  location  is  being  made  along  a  mountain  slope 
be  sure  that  you  are  not  working  in  a  drained  area.  Such 
often  occur  in  good  basins. 

EXAMPLE. 

It  would  be  useless  to  drill  for  water  at  any  point  between 
A.  and  C,  since  the  canon  that  has  been  cut  through  the  rocks 
has  provided  natural  drainage  for  all  the  strata  above  the 
letter  A.    See  Section  V. 

It  will  often  happen  that  wells  are  needed  in  regions 
where  all  of  the  formations  or  nearly  all  are  covered  wnth 
soil,  which  will  almost  forbid  any  preliminary  work.  How- 
ever,  in  case  the  well  is  to  be  drilled  in  any  of  the  artesian  ba- 
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sins,  and  not  too  far  from  the  mountains,  a  flow  of  water  can 
easily  be  secured;  but  the  amount  depends  upon  the  natural 
reservoir  above,  and  the  nature  of  the  formation  in  which  the 
well  is  drilled. 

In  drilling  wells  there  is  but  a  single  point  to  consider. 
Hire  a  first-class  man  with  a  first-class  drilling  outfit.  If  pos- 
sible secure  a  driller  who  is  familiar  with  the  formations.  The 
differences  in  drilling  in  the  Paleozoic  rocks  and  the  Meso- 
zoic  are  so  great  that  a  man  will  be  very  successful  in  the 
first  and  fail  in  the  second.  The  trouble  is  in  the  nature  of  the 
strata.  In  the  Paleozoic  a  well  can  usually  be  drilled  throug^h 
the  formations  without  being  cased.  In  the  Mesozoic  the  strata 
arc  in  many  places  bands  of  solft  clay,  marl,  and  shales  that 
cave  easily,  and  it  has  in  some  instances  been  found  necessar\' 
to  start  with  a  well  i8  inches  in  diameter  in  order  to  finish 
with  a  three  ane  one-half  inch  drill,  the  difference  in  size  being 
taken  up  with  casing  to  hold  caving  ground. 

The  question  might  be  naturally  asked — why  have  not 
working  directions  been  given  for  each  locality?  It  would 
have  been  well  to  have  enlarged  upon  this  topic  if  there  was 
an  accurate  geological  map  of  the  state,  so  that  one  would 
know  from  the  map  the  exact  formations  to  be  found  in  each 
township  in  Wyoming.  As  it  is,  the  map  that  accompanies 
this  bulletin  has  been  made  from  reconnaissance  surveys  only, 
and  while  the  structure  is  nearly  accurate  the  boundary  lines 
between  the  formations  may  vary  several  miles  and  in  some 
localities  the  map  will  be  found  to  be  seriously  at  fault.  For 
these  reasons  no  detailed  directions  for  any  section  of  land  in 
a  region  will  be  attempted.  However,  at  all  times  the  geo- 
logical department  of  the  University  will  be  pleased  to  aid 
in  the  location  of  wells  and  so  far  as  possible  make  examina- 
tions and  give  directions  for  drilling  artesian  wells  in  any 
locality  in  the  state. 

In  some  localities  where  the  strata  dip  sharper  than  45 
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degrees  it  will  be  found  to  be  advantageous  to  drive  a  tunnel 
into  the  mountain  that  will  cut  the  sedimentary  rocks  at  right 
angle  to  the  strike.  Tunnels  of  this  kind  are  not  very  expen- 
sive and  they  are  by  far  superior  to  a  well.  They  open  a 
greater  area  of  the  water-bearing  strata,  and  by  driving  drifts 
at  right  angle  to  the  main  tunnel  an  immense  amount  of 
ground  could  be  opened.  Cross-cut  tunnels  of  this  kind  in 
mining  camps  often  give  rise  to  a  small  river. 
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The  Artesian  Basins. 


THE  BIG  HORN  ARTESIAN  BASIN.* 

In  many  respects  this  is  the  most  promising  artesian  area 
in  Wyoming;  but  in  this,  as  in  all  sections,  the  most  valuable 
part  is  covered  so  deep  with  sedimentary  rocks  as  to  render  it 
unavailable.  Being  located  between  two  great  ranges  of 
mountains,  like  the  Big  Horn  on  the  east  and  the  AbsaroKa 
and  Shoshone  on  the  west,  whose  highest  peaks  are  above  the 
line  of  perpetual  snow,  and  whose  forest  area^  are  so  vast  as 
to  store  great  snow  reserves  that  supply  water/  gradually  to 
these  ranges,  the  water  supply  is  very  great.  On  the  south  this 
basin  is  hemmed  in  by  two  cross  ranges  which  meet  at  the  Big 
Horn  river,  the  western  portion  being  called  the  Owl  Creek 
range  and  the  eastern,  which  extciu^s  to  the  Big  Horn,  is  lo- 
cally known  as  the  Rattlesnake.  To  the  northward  this  area 
melts  away  into  the  great  table  lands  along  the  Missouri  river 
in  Montana.  The  formations  entering  into  the  structure  of 
these  basins  are  as  follows:  Cambrian,  Ordovician,  Devo- 
nian, Carboniferous,  Permian,  all  of  the  Wyoming  Mesozoic 
bands  and  the  Eocene  Tertiarv.  These  formations,  with  the 
exception  of  the  Eocene,  dip  gently  to  the  west  along  the  west- 
ern slope  of  the  Big  Horn  range  and  are  found  resting  upon: 
the  Archaean  at  elevations  varying  from  7,000  to  9,000  feet. 
As  a  rule,  all  of  the  Mesozoic  rocks  have  been  removed  from 
the  mountain  slopes  and  are  not  usually  seen  until  the  foot  of 
the  mountain  is  reached,  when  the  Triassic  red  sandstone  usu- 
ally appears  as  huge  "hog-backs"  with  precipitous  walls  facing 
the  range.    North  of  Hyattville  some  miles  the  rocks  dip  at  a 

•That  portion  of  the  Big  Horn  basin  lying  north   of  the  Stinkingwater  river  that  has 
been  represented  on  the  map  as  Tertiarv,  belongs  to  the  Fort   I'nion   beds.     No    Wasatrb. 
was  observed  north  of  the  Stinkingwater  river. 
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higher  angle  and  for  a  considerable  distance  the  Mesoioic 
rocks  are  found  within  a  few  miles  of  the  Archaean  granite. 
These  conditions  again  change  on  nearing  the  Montana  line, 
where  the  Paleozoic  rocks  dip  gently  as  they  bend  about  the 
north  end  of  the  Big  Horn  mountains  and  form  many  square 
miles  of  exposure  corresponding  to  the  southern  end  of  the 
western  slope  of  the  range.  * 

In  the  vicinity  of  Hyattville  there  are  three  local  folds. 
In  the  one  west  of  Bonanza  the  exposure  is  entirely  Cretaceous. 
The  one  between  Bonanza  and  Hyattville  has  a  Jurassic  core 
and  possibly  Triassic  rocks  may  be  exposed  along  the  axis 
further  to  the. north.  At  Hyattville  the  fold  has  been  nearly 
obliterated  by  erosion.  All  of  these  folds  weaken  the  head 
of  water  stored  in  the  Mesozoic  rocks  above  the  Triassic. 

Between  Hyattville  and  Red  Bank  there  are  numerous 
springs  breaking  forth  from  Carboniferous  and  Permian  lime- 
stones, indicating  faults,  and  along  Canon  creek  large  areas 
of  Paleozoic  rocks  have  been  drained  by  the  deep  can- 
ons which  are  parallel  to  the  axis  of  the  Big  Horn  range  in  the 
limestone.  North  of  Shell  creek,  and  extending  northwest 
across  the  Big  Horn  river,  are  two  other  anticlinal  folds,  the 
greater  of  which  has  a  Carboniferous  core  and  the  lesser  a 
Triassic.  While  these  folds  have  seriously  affected  the  basin 
along  the  foot  of  the  Big  Horn  mountains,  they  may  also  be 
considered  as  advantageous;  for  if  they  arc  complete  arches, 
that  is,  not  fractured  or  faulted,  they  are  favorable  places  to 
drill  and  secure  flowing  wells  a  considerable  distance  away 
from  the  range.  For  example,  southwest  of  Bonanza,  in  the 
Bonanza  oil  field,  exceptionally  large  flows  may  be  secured 
by  drilling  2,000  or  3,000  feet.  At  Hyattville  one  would  not 
have  to  drill  over  200  feet  to  reach  the  same  zone  in  the  Tri- 
assic sandstone. 

Along  the  eastern  side  of  the  Big  Horn  basin  the  most 
desirable  territory  for  well  drilling  will  be  found    from  ♦ho 
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crest  of  the  Triassic  sandstones  toward  the  mountains.  In  case 
wells  are  drilled  in  the  Triassic,  one  should  drill  not  less  than 
2,000  feet.  In  case  shallower  wells  are  desired  it  will  be  bet- 
ter to  drill  in  either  Carboniferous  or  Ordovician  strata. 

Beyond  these  disturbances,  to  the  westward,  the  Mesozoic 
rocks  appear,  and  especially  the  Cretaceous,  which  is  capped 
with  the  Laramie.  Westward  from  the  Laramie  the  Eocene 
Tertiary  covers  the  entire  central  area  of  the  basin  and  extends 
nearly  to  the  foothills  to  the  west. 

On  the  western  edge  of  the  basin  the  structural  features 
are  not  so  easily  worked  out.  Following  the  period  of  moun- 
tain making,  after  the  sedimentary  rocks  had  been  tilted  and 
eroded,  there  was  a  vast  accumulation  of  volcanic  breccia  de- 
posited for  a  distance  of  sixty  or  eighty  miles  along  the  moun- 
tains. This  has  greatly  obscured  the  geology  of  this  region 
and  also  hinders  materially  in  the  search  for  artesian  water. 
This  great  deposit  has  a  width  of  from  ten  to  forty  miles  and 
a  maximum  thickness  of  5,000  or  6,000  feet.  Between  this 
deposit  and  the  Tertiary  on  the  east  there  are  exposures  of  the 
upper  Cretaceous  series;  but  none  of  the  older  rocks  are 
known  from  the  Owl  Creek  range  northward  until  the  Stink- 
ingwater  river  is  reached,  where  there  are  slight  exposures  of 
Paleozoic  rocks  which  extend  northward  to  the  Archaean  mass 
on  Clark's  fork. 

In  the  vicinity  of  Cedar  mountain  conditions  are  quite 
complicated.  This  mountain  is  an  anticlinal  fold,  with  prob- 
ably a  Cambrian  core,  and  with  the  strata  highly  inclined  on 
either  side.  To  the  westward  there  is  a  broad  synclinal  val- 
ley that  will  undoubtedly  prove  to  be  valuable  artesian  terri- 
tory. On  the  eastward  the  strata,  although  sharply  inclined 
along  the  mountain,  flatten  very  rapidly  toward  Cody,  which 
makes  the  area  along  the  base  of  Cedar  mountain  a  very  fair 
artesian  proposition.  Northward,  above  Chapman's  ranch,  the 
opportunities  for  wells  are  excellent,  t)Ut  from  Clark's  fork 
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north  to  the  Montana  line  the  Paleozoic  rocks  are  nearly  ver- 
tical and  the  productive  area  is  very  narrow  unless  wells  are 
drilled  in  the  Mesozoic.  Along  the  range  from  Cody  north 
flowing  wells  will  be  found  in  all  of  the  Mesozoic  rock.  West 
of  Clark,  tunnels  may  prove  to  be  useful  in  securing  water  from 
the  nearly  vertical  strata. 

The  structure  of  the  southern  end  of  this  basin  resem- 
bles, to  a  considerable  degree,  the  eastern  border,  except  that 
the  mountains  are  not  so  high.  The  width  of  the  basin  at  the 
southern  termination  is  nearly  eighty  miles,  and  artesian  con- 
<litions  extend  the  entire  distance.  Along  the  'Owl  Creek 
mountains,  including  the  uplift  on  the  east  side  of  the  Big 
Horn  river,  the  Archaean,  so  far  as  known,  is  only  exposed  along 
a  portion  of  the  distance.  For  many  miles  along  the  axis  of 
these  ranges  the  Carboniferous  or  Carboniferous  and  Per- 
mian rocks,  form  a  complete  arch  that  has  not  been  fractured. 
On  this  account  the  extreme  eastern  and  western  sides  along 
this  border  are  not  as  favorable  for  valuable  wells  as  the  cen- 
tral section.  The  strata  dip  gently  northward  from  the  Arch- 
aean rocks  along  the  northern  side  of  the  range,  and  there  is 
an  area  composed  of  Cambrian,  Ordovician,  Carboniferous 
and  Triassic  stretching  across  the  end  of  the  basin  that  varies 
from  ten  to  twenty  miles  in  width.  At  no  point  in  this  area 
will  it  be  necessary  to  drill  more  than  3,000  feet  to  reach  bed- 
rock, and  over  the  greater  portion  not  over  1,500  feet.  The 
Big  Horn  river  has  to  some  extent  drained  the  strata  that  lie 
above  the  river  bed.  Near  Thermopolis,  at  the  great  hot 
springs,  the  water  rises  in  numerous  places,  proving  conclu- 
sively that  there  is  a  very  good  fountain  head.  The  warm  wa- 
ter pouring  forth  from  these  springs  derives  its  heat  by  sink- 
ing deep  into  the  earth  and  coming  in  contact  with  heated 
rocks  and  being  forced  to  the  surface  through  a  fault  by  means 
of  the  pressure  derived  from  the  storage  of  water  along  the 
mountains.     In  this,  as  in  other  parts  of  the  basin,  artesian 
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wells  can  be  drilled  further  away  from  the  range,  and  no  doubt 
they  will  flow;  but  the  supply  of  water  would  be  quite  lim- 
ited unless  a  well  could  be  drilled  to  five  or  six  thousand  feet. 

Throughout  the  central  portion  of  the  basin  no  one  will 
be  warranted  in  drilling  wells  expecting  to  secure  artesian 
water.  The  Eocene  formation  is  usually  quite  thick  and  on 
account  of  its  sandy  and  clayey  texture  would  foil  the  most 
expert  well  driller  before  he  had  reached  i,ooo  feet. 

The  most  valuable  portion  of  the  entire  basin  extends 
from  Red  Bank  north  to  Shell  creek ;  valuable  because  wells 
can  be  drilled  to  reasonable  depths  and  secure  an  abundance 
of  ver>-  good  water. 

See  Section  VII  for  geological  structure  of  Big  Horn  ar- 
tesian basin. 


THE  SHOSHONE  ARTESIAN  BASIN. 

The  basin  is  bounded  on  the  north  by  the  Owl  Creek  and 
Big  Horn  mountains ;  on  the  east  by  the  Powder  River  basin ; 
on  the  south  by  the  Rattlesnake  range  and  the  high  bluff  of 
Tertiary  extending  from  the  Rattlesnake  westward  to  Beaver 
creek  and  the  Wind  River  mountains ;  on  the  west  by  the  con- 
verging Wind  River  and  Owl  Creek  ranges.  As  the  limits 
are  given,  this  basin  emerges  into  the  Powder  River  on  the 
east,  and  at  several  intervals  along  the  southern  border ^there 
are  no  barriers  that  would  prevent  it  from  extending  further 
southward.  The  remaining  exteriors  are,  however,  valuable 
territory  and  will  be    discussed  under  separate  headings. 

The  northern  border  skirts  the  Owl  Creek  and  the  west- 
em  extension  of  the  Big  Horn  mountains.  This  range  is  con- 
tinuous and  has  different  names  on  opposite  sides  of  the  Big 
Horn  river,  which  cuts  it  in  two.  These  slopes  have  not  been 
studied  and  the  present  observations  are  based  on  information 
secured  in  crossing  these  ranges.     In  the  main  uplift  in  the 
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vicinity  of  the  Big  Horn  river  there  is  a  narrow  Archaean  mass 
that  extends  from  east  to  west  to  an  unknown  distance,  and 
as  plotted  on  the  map  is  largely  guess-work,  Mr.  J.  B.  Okie 
of  Lost  Cabin  having  informed  me  that  there  was  granite  north 
of  his  place  and  that  it  extends  westward  to  the  known  mass 
at  the  Big  Horn  seems  reasonable.  The  forces  producing 
this  great  fold  that  hems  in  the  Big  Horn  basin  on  the  south 
operated  from  the  north  and  caused  the  sedimentary  rocks  to 
dip  sharply  to  the  south.  This  dip  gradually  decreases  to  the 
eastward  and  westward,  to  the  respective  boundaries.  South 
of  the  Archaean  uplift  the  exposed  formations  are  Cambrian, 
Ordovician,  Carboniferous  and  Permian  (?)  ;  south  of  this  all 
of  the  Mesozoic  rocks  are  covered  with  Tertiary.  Eastward 
the  Triassic  sandstones  appear  at  a  distance  and  will  more  than 
likely  be  found  along  this  uplift.  The  supply  of  water  will 
not  be  large,  since  this  region  is  wholly  dependent  upon  the 
precipitation  for  storage  unless  it  may  be  possible  for  some  of 
the  porous  strata  from  the  Wind  River  range  to  augment  this 
supply. 

The  crest  of  the  Owl  Creek  range  west  of  the  Big  Horn 
river  a  few  miles,  with  the  exception  of  a  few  small  expos- 
ures of  Archaean,  is  all  Carboniferous  or  Permian.  Similar 
conditions  exist  in  the  lower  Big  Horn  range  east  of  Lost 
Cabin.  This  arch  of  limestone  is  very  detrimental  to  the  stor- 
age of  water  in  the  Paleozoic,  and  unless  it  is  fractured  in  nu- 
merous places,  wells  drilled  to  this  horizon  either  eastward  or 
westward  from  a  line  extending  southward  from  the  termina- 
tion of  the  Archaean  will  be  found  to  be  unsatisfactory.  Oppo- 
site the  Archaean,  to  the  south,  the  Paleozoic  rocks  are  so  highly 
inclined  as  to  make  the  productive  area  very  narrow,  and 
deep  wells  will  be  necessary  to  reach  a  flow.  About  Lost  Cab- 
in the  Triassic  red  sandstone  seems  the  most  desirable  band 
to  penetrate  with  a  drill,  though  possibly  the  upper  band  of  the 
Carboniferous  will  be  found  equally  valuable.    The  same  can 
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be  said  of  the  western  end  of  the  flank  of  the  Owl  Creek 
mountains.  Cretaceous  strata,  whenever  exposed,  will  be 
found  to  contain  many  water  horizons,  and  the  best  may  be  ex- 
pected in  the  Dakota  stage. 

Wells  may  be  drilled  along  the  base  of  this  range  when 
there  is  a  thin  covering  of  Tertiary,  but  a  few  miles  away 
would  carry  one  beyond  the  bounds  of  reasonable  well  drilling. 

There  is  no  question  but  that  there  is  quite  a  large 
basin  along  the  foot  of  this  range  for  ten  or  twelve  miles,  and 
beyond  this  the  Jurassic  rocks  appear.  Probably  there  are 
some  Cretaceous  exposures  along  the  streams  flowing  south 
and  west,  where  the  Tertiary  capping  has  been  removed. 
Westward  from  the  river  the  entire  complement  of  the  Meso- 
zoic  appears  rather  suddenly,  since  it  occupies  an  elevation 
above  the  level  of  the  Tertiary. 

Since  the  western  boundary  of  this  basin  is  formed  by  the 
convergence  of  the  Wind  River  and  Owl  Creek  ranges,  it  will 
be  discussed  in  connection  with  the  northern  and  southern 
boundaries. 

The  Shoshone  anticlinal  parallels  the  Wind  River  moun- 
tains from  Hailey  nearly  to  the  Big  Wind  river,  a  distance  of 
over  50  miles.  This  fold  is  some  distance  from  the  range, 
the  nearest  point  being  five  or  six  miles  from  the  foot  and  dou- 
ble that  distance  from  the  Archaean  rocks.  The  Triassic  strata 
are  exposed  nearly  the  entire  length  along  the  axis  of  this  fold. 
On  the  northeast  the  Jurassic  and  Cretaceous  rocks  dip  away 
gently  and  only  a  few  miles  distant  obtain  considerable  thick- 
ness. On  the  southwest  side  of  the  fold  the  Jurassic  and  Cre- 
taceous rocks  have  suffered  greatly  from  erosion  and  are  sel- 
dom seen  above  the  soil  surface.  This  condition  produces  a 
long,  narrow  synclinal  basin  that  lies  between  the  anticlinal 
fold  and  the  mountains.  This  can  be  considered  as  a  small 
artesian  basin.  It  is  to  some  extent  separated  from  the  great 
basin  along  the  northeast  side  of  the  anticlinal.     This  narrow 
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basin,  which  gradually  widens  to  the  northwest,  should  be  se- 
riously considered  by  the  people  who  live  along  this  range,  as 
sometimes  there  is  a  shortage  of  water.  The  possibilities  are 
unsurpassed  for  large  capacity  wells,  and  the  Mesozoic  rocks 
are  so  thin  near  the  range  and  often  in  the  valleys  that  wells 
need  not  be  drilled  to  great  depths.  The  reasons  for  this  being 
a  specially  favorable  location  are  that  Paleozoic  rocks  rise  along 
the  flank  of  the  mountains  two  and  three  thousand  feet  above 
the  valley  and  that  the  Archaean  peaks  rise  far  above  the  snow 
line  and  furnish  a  constant  supply  of  water  during  the  sum- 
mer. Above  Lander,  on  the  forks  of  the  Popo  Agie  river, 
there  are  places  where  it  will  be  advisable  to  tunnel  for  water. 
When  a  tunnel  has  been  completed  from  the  base  of  the  moun- 
tain to  granite  it  will  be  found  the  bed  of  a  good-sized  stream. 
Excellent  places  to  drill  for  water  are  along  Red  canon,  at  the 
experiment  farm,  and  to  the  north  and  west  along  the  outcrop- 
ping Triassic  rocks.  At  Lander  and  Fort  Washakie  wells  could 
be  obtained,  but  the  depth  would  be  very  great.  In  cases  of 
this  kind  it  would  be  more  advantageous  to  drill  nearer  the 
range  and  pipe  the  water  to  lower  horizons. 

Along  the  anticlinal  axis  wells  may  also  be  obtained.  Al- 
ready there  is  an  artesian  well  near  the  mouth  of  Twin  creek. 
This  well  was  drilled  to  a  depth  of  1,200  feet.  The  formations 
lying  beneath  the  axis  of  the  fold  are  the  Permian,  Carbonif- 
erous, Ordovician  and  Cambrian,  all  of  which  are  supplied 
with  water  from  the  range,  and  if  not  exhausted  at  this  point 
will  furnish  a  supply  of  water  for  the  country  lying  beyond  Uk 
fold  to  the  northeastward.  Well  drilling  to  the  northeast  of 
the  Shoshone  anticlinal  will  have  to  be  confined  to  a  very  nar- 
row belt  on  account  of  the  rapid  thickening  of  the  Cretaceous 
rocks.  Beyond  these  limits  no  one  should  drill  for  the  Paleozoic 
rocks.  Wells  may  be  drilled  in  the  Cretaceous  strata,  but  no 
one  should  expect  more  than  a  slight  flow.  Those  who  drill 
along  the  anticlinal  must  always  consider  that  water  found 
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will  usually  be  contaminated  with  oil  and  sulphur.  While  it 
may  be  possible  to  utilize  such  water  for  irrigation  purposes, 
it  would  first  be  necessary  to  contrive  a  method  to  store  the 
oil  and  allow  the  water  to  escape. 

From  the  fold  eastward  the  first  distributed  rocks  are 
found  at  the  Beaver  oil  basin,  where  the  Cretaceous  rocks 
stand  nearh-  on  edge  and  there  are  no  associated  Paleozoic 
rocks,  since  Tertiary  has  obscured  them.  Artesian  wells  can 
be  secured,  hut  the  flow  will  be  slight  and  the  water  unfit  for 
irrigation,  stock  or  ranch  use  on  account  of  its  contamination 
with  sulphur,  oil  and  alkali. 

Eastward  from  the  Beaver  basin  some  five  or  six  miles 
is  the  Connant  anticlinal,  which  has  a  Carboniferous  core  and 
the  Triassic  and  Jurassic  rocks  on  either  flank.  About  the 
base  of  this  uplift  the  lower  beds  of  the  Cretaceous  are  ex- 
posed and  wells  drilled  along  these  outcroppings  will  furnish 
a  small  supply  of  water  which  is  very  desirable  in  this  very 
arid  region.  Here,  as  at  Beaver,  one  should  be  prepared 
to  encounter  water  containing  sulphur  or  petroleum.  Pe- 
troleum has  not  been  found  in  this  vicinity,  but  it  does  occur 
on  both  sides,  and  those  drilling  must  choose  well  their  location, 
for  oil  springs  are  numerous  all  along  the  ranges,  and  wells 
associated  with  petroleum  would  not  furnish  good  water;  the 
oil  not  being  the  only  drawback,  but  the  presence  of  an  abun- 
dance of  sodium  sulphate  being  even  more  serious.  Petroleum 
along  the  range  is  wholly  confined  to  the  Cretaceous  rocks,  but 
ranges  from  the  Dakota  to  the  Fox  Hills. 

From  the  Connant  anticlinal  eastward  there  is  a  nearly 
continuous  precipitous  wall  of  Miocene  Tertiary  that  rises 
several  hundred  feet  from  the  desert  country  and  practically 
connects  this  section  with  the  Rattlesnake  mountains.  Along 
the  fc»c>t  of  this  huge  bluff  are  numerous  small  springs  which 
have  their  source  in  the  Tertiary  rocks,  but  there  are  no  con- 
ditions warranting  well  drilling. 
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Within  eight  or  ten  miles  of  the  Rattlesnake  mountains 
there  is  simply  the  termination  of  the  Dutton  anticinal,  known 
as  the  Dutton  oil  basin.  In  this  V  shaped  area  the  Triassic 
rocks  are  the  oldest  exposed,  and  the  tilted  bands  along  the 
anticlinals  are  so  low  that  there  is  little  or  no  opportunity  for 
water  storage.  Along  both  sides  of  the  fold  there  are  a  few 
small  springs,  some  of  which  contain  very  poor  water ;  others 
are  associated  with  natural  gas  escapes  and  a  few  with  petro- 
leum. The  conditions  in  this  section  are  anything  but  favora- 
ble for  a  large  supply  of  water,  and  yet  I  know  of  no  region 
where  water  would  be  of  greater  benefit. 

The  Rattlesnake  mountains  form  a  peculiar  range  that  is 
some  40  or  50  miles  long  and  have  probably  been  elevated  by  a 
huge  fault  that  extended  along  the  southwestern  base.  It  is 
not  definitely  known  that  there  are  Archaean*  rocks  along  the 
southern  slope,  but  there  is  a  complete  series  of  rocks  as 
known  in  central  Wyoming,  commencing  with  the  Cambrian 
and  terminating  with  the  Tertiary,  along  the  northern  slopes. 
These  rocks  dip  from  28  to  35  degrees  and  form  great  ridges 
paralleling  the  range  which  are  occasionally  cut  by  small 
streams.  This  range  is  one  of  the  celebrated  oil  districts  of  the 
state  and  wells  drilled  in  any  of  the  Cretaceous  bands  may  fur- 
nish water  that  is  charged  with  sodium  sulphate,  sulfuretted 
hydrogen,  and  tainted  with  oil,  since  the  petroleum  ranges  from 
the  base  of  the  Dakota  stage  to  the  crest  of  the  Fox  Hills. 

On  account  of  this  drawback  wells  should  be  commenced 
in  the  Triassic  and  the  flow  looked  for  in  the  lower  Triassic  or 
Permian,  and  possibly  in  older  bands.  Along  the  range  from 
Garfield  peak  eastward  and  westward  for  a  distance  of  from  6 
to  10  miles  tunneling  may  be  resorted  to.  Although  this 
range  is  not  high,  there  is  every  evidence  that  wells  drilled  or 
tunnels  run  will  afford  considerable  water.    This  basin  has  al- 


*Only  recently,  while  investigating  the  Rattlesnake  mountains,  I  found  that  the  Arch- 
aean was  expo«5cd,  and  that  it  is  chiefly  a  hornblende  granite. 
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ready  been  proven,  by  companies  drilling  for  oil,  and  at  pres- 
ent there  are  one  or  two  wells  flowing  very  poor  water. 

Eastward  from  the  Rattlesnake  range  there  is  a  broad 
synclinal  valley  partially  covered  with  Tertiary  rocks,  and  just 
beyond  the  Oil  mountain  fold.  This  fold  has  a  Jurassic  axis 
and  is  badly  faulted  and  can  not  be  considered  as  an  important 
source  for  artesian  water.  Again,  the  presence  of  oil  impairs 
its  value.  On  Poison  Spider  creek,  only  a  mile  or  two  north  of 
Oil  mountain,  the  Guthery  oil  well  has  flowed  a  small  stream 
of  sulphurous  water  for  many  years.  In  regions  like  this, 
where  water  is  very  scarce,  small  wells  like  the  Guthery  may 
be  found  advantageous.  Other  wells  drilled  to  greater  depths 
but  further  away  have  not  flowed. 

See  Sections  VIII  and  IX  for  geological  structure  of  Sho- 
shone artesian  basin. 


THE  POWDER  RIVER  ARTESIAN  BASIN. 

This  basin  includes  all  of  Sheridan,  Johnson,  Crook,  and 
Weston  counties;  also  the  greater  portion  of  Natrona  and 
Converse.  In  reality  it  includes  nearly  one-fourth  of  the 
state.  On  account  of  some  local  geological  disturbances  this, 
the  largest  area  to  be  discussed,  might  have  been  separated 
into  several  small  ones;  but  since  the  lesser  divisions  would 
not  be  considered  as  important  basins,  it  has  been  deemed  ad- 
visable  to  include  them  under  one  head  and  pay  special  atten- 
tion to  the  isolated  districts.  The  western  limit  of  this  basin 
is  the  Big  Horn  range,  with  the  exception  of  the  depressed 
area  lying  between  the  Big  Horn  mountains  and  Oil  moun- 
tain, where  the  boundary  is  the  range  line  between  ranges  82 
and  83.  On  the  south  the  Laramie  mountains  act  as  a  barrier 
from  the  big  bend  of  the  North  Platte  river  eastward  to  a 
point  south  of  Douglas,  from  whence  the  line  extends  eastward 
to  the  stae  line,  over  an  area  that  does  not  offer  any  artesian 
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nish  large  flows  of  water.  Beyond  the  Triassic  sandstones 
artesian  flows  can  be  secured  almost  any  place  in  the  valley 
lands  or  along  the  table  lands ;  but  the  source  of  the  water  is 
in  the  Cretaceous  rocks,  and  with  the  exception  of  the  Dakota 
sandstone  the  chances  are  that  very  inferior  water  will  be  ob- 
tained. For  example,  a  well  a  thousand  feet  deep  at  Sheridan 
would  in  all  probability  flow ;  but  the  water  coming  from  rocks 
associated  with  coal  is  never  good.  Occasionally  water  in  a 
coal  formation,  where  there  is  a  heavy  band  of  sandstone  be- 
tween  two  bands  of  clay,  is  excellent.  Wells  drilled  at  Sheri- 
dan should  not  be  expected  to  produce  much  water,  since  the 
strata  that  carry  the  water  beneath  the  city  crop  to  the  surface 
between  Sheridan  and  the  mountains,  and  in  consequence  have 
a  very  limited  water  supply.  Were  it  possible  to  drill  deep 
enough  at  Sheridan,  say  10,000  or  15,000  feet,  the  supply  of 
water  thus  obtained  would  surprise  the  world. 

From  riney  creek  southeast  and  south  the  dip  of  the 
strata  increases  very  rapidly  until  at  a  point  opposite  Buffalo 
they  are  nearly  vertical ;  but  southward  they  again  decrease 
in  inclination  and  at  Crazy  Woman  creek  the  dip  is  only  15 
or  20  degrees.  West  of  Buffalo  nearly  all  of  the  sedimentary 
rocks  have  been  obscured  by  the  detritus  from  the  mountains, 
whfch  along  Clear  creek  is  a  ver\'  thick  band  of  conglomerate. 
On  account  of  the  strata  being  nearly  in  a  vertical  position  it 
will  be  impossible  for  anyone  with  modem  appliances  to  drill 
and  pierce  any  of  the  Paleozoic  bands,  and  it  is  questionable 
if  any  of  the  lower  Mesozoic  rocks  could  be  reached.  South 
of  Buffalo,  as  the  dip  decreases  the  opportunities  for  wells  in- 
crease, and  only  ten  of  twelve  miles  south  of  Clear  creek  the 
territory  in  which  the  best  wells  can  be  secured  has  increased 
sufficiently  to  warrant  large  expenditures  in  drilling.  Buffalo 
is  located  on  the  Laramie  beds,  which  dip  very  slightly  to  the 
cast.  These  beds  will  be  found  to  furnish  artesian  water,  but 
there  will  be  the  same  drawbacks  to  consider  as  at  Sheridan. 


SECTION  X. 


eo  ogi  jine,  across  the  Powder  River  artesian  basin. 


SECTION  XII. 


Geol<!>grical 


1  tains 


[Drawn  to  Scale.] 


SECTION  XI. 


Geologrical 


icross  the  Green  River  artesian  basjn. 


»- 

U 
n 
r 

i- 

y 
§: 

e 

r 
►- 

e 
e 
e 
e 
e 
s 
1 


y 
r 


21 


ni 

la 
in 
sa 
ta 
w 
as 
cc 
tv 
d; 

St 

b< 
a 
ei 
w 

St 

tl 

ii 

oi 

r( 

\v 

C 

v\ 

a 

ii 

o 

c 

t< 

s 

ii 

c 

t 


Artesian  Basina  of  Wyoming.  221 

Already  shallow  wells  have  been  drilled  at  Buffalo  that  pro- 
duce small  streams  of  very  good  water.  Deeper  wells  will 
furnish  more,  but  the  chances  are  that  the  water  would  contain 
too  mucn  mineral  matter  to  be  used  for  domestic  purposes  or 
irrigation.  From  Muddy  creek,  south  of  Buffalo,  to  the  south- 
em  termination  of  the  Big  Horn  range,  the  strata  gradually 
decrease  in  dip,  which  widens  the  Paleozoic  outcrops  along 
the  range.  Along  the  Big  Horn  mountains,  nearly  opposite 
Mayoworth  postoffice,  the  Archaean  rocks  no  longer  appear 
on  the  surface,  but  are  covered  with  a  great  arch  of  the  Paleo- 
zoic, and  the  Carboniferous  rocks  form  the  crest  of  the  range 
southward  to  the  great  bend  in  the  range,  and  from  thence 
westward.  Along  the  mountain  slopes  the  Triassic  rocks  are 
occasionally  seen,  but  as  a  rule  they  outcrop  at  the  foot  of  the 
range.  In  this  portion  of  the  range  conditions  are  the  same 
as  cited  in  the  southern  end  of  the  Big  Horn  basin,  which  is 
just  across  the  mountains.  Because  the  granite  is  covered 
with  Cambrian,  Ordovician  and  Carboniferous  bands  the  stor- 
age has  been  greatly  decreased.  In  case  these  rocks  have  been 
faulted  or  fractured  the  water  supply  would  correspond  fa- 
vorably to  that  portion  of  the  range  at  Muddy  creek.  On  the 
other  hand,  the  Triassic  sandstone  would  be  the  leading  hori- 
zon and  the  Dakota  sandstone  a  second  one  below,  but  in  nei- 
theV  plact  would  the  supply  be  large. 

Along  the  southern  boundary  of  the  Powder  river  basin 
the  Laramie  mountains  act  as  a  barrier  and  along  these  the 
strata  are  tilted  to  the  north  at  various  angles  depending  upon 
the  locality.  Here  the  formations  change.  The  Paleozoic 
rocks  are  very  much  thinner,  the  Ordovician  series  have  not 
been  detected,  and  the  Cambrian,  which  has  been  found  along 
the  western  arm  of  the  Laramie  mountains,  thins  very  rap- 
idly to  the  eastward.  The  remaining  bands  are  the  same  as 
seen  at  Buffalo  or  Sheridan.  The  Laramie  range  practicaiiy 
terminates  before  reaching  the  North  Platte  river,  which  has 
-(15) 
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cut  its  way  across  the  northern  extension  through  Triassic 
sandstone.  In  this  vicinity  there  is  a  large  spring  in  the  Tri- 
assic sandstone  that  acts  as  an  overflow  for  this  section.  East- 
ward along  the  range  the  Paleozoic  rocks  gradually  decrease 
in  dip,  for  many  miles.  There  are  in  all  probability  some 
changes  in  geological  structure  along  this  range  that  have  not 
been  discovered.  Between  Douglas  and  Laramie  peak  there  is 
a  small  secondarv  fold  with  a  Triassic  core,  but  with  this  ex- 
ception  nothing  is  known  out  of  the  regular  anticlinal  struc- 
ture. The  range  is  quite  low,  Laramie  peak  being  only  lo,- 
ooo  feet  and  the  rest  of  the  granite  peaks  to  the  westward 
varying  between  8,000  and  9,000  feet.  Owing  to  the  precipi- 
tous slope  along  the  range  opposite  Casper,  the  Paleozoic  rocks 
offer  only  a  very  narrow  band  in  which  to  drill.  South  of 
Glenrock  the  conditions  are  more  favorable,  and  opposite 
Douglas  the  productive  area  has  so  increased  in  width  that 
the  artesian  possibilities  are  very  promising. 

Wells  can  also  be  secured  by  drilling  in  Mesozoic  rocks, 
but  the  chance  to  secure  large  flows  of  water  decrease  very  rap- 
idly as  one  leaves  the  foot  of  the  mountains.  Flows  may  be 
secured  at  Casper,  Glenrock  and  Douglas,  but  wells  are  not 
recommended  for  these  cities :  First,  since  the  flow  would  not 
be  important,  and  secondly,  because  the  source  of  the  water 
would  probably  render  it  too  impure  for  ordinary  uses. 

The  southeastern  comer  of  the  Powder  River  basin  can- 
not be  considered  as  of  importance  for  artesian  well  drilling, 
not  that  the  basin  does  not  exist,  but  that  it  is  by  far  too  deep 
to  drill  and  reach  the  valuable  zones.  Wells  can  no  doubt  be 
found  eastward  from  Douglas,  but  the  water  will  seldom  if 
ever  rise  to  the  surface.  This  is  largely  due  to  the  Tertiary 
beds  of  the  Miocene  period  which  cover  this  section  and  are  in 
nearly  horizontal  strata.  These  strata  vary  from  1,000  to  1.500 
feet  in  thickness.  This  thickness  would  have  to  be  drilled 
through  before  the  Mesozoic  rocks  that  flank  the  Laramie 
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range  on  the  eastern  slopes  could  be  reached.  North  of  Lusk 
and  along  the  slopes  of  the  Cheyenne  river  there  is  a  small 
area  of  Fort  Pierre  shales  and  in  this  section  wells  may  be 
drilled  deep  enough  to  reach  the  Dakota  sandstone,  which 
would  furnish  an  ample  water  supply.  Further  to  the  north- 
ward the  Laramie  rocks  appear  and  there  is  little  opportunity 
to  drill  wells.  At  Newcastle  and  northward  to  Cambria  and 
thence  north  and  northwest,  the  country  favors  well  drilling 
and  a  reasonable  water  supply  may  be  looked  for.  This 
brings  us  to  the  region  affected  by  the  Black  Hills  uplift  and 
some  lesser  folds.  While  the  Black  Hills  are  usually  known 
as  belonging  to  South  Dakota,  the  Wyoming-Dakota  line 
passes  over  some  very  prominent  peaks  of  Algonkian  schists, 
in  the  tin-bearing  regions,  which  leaves  a  small  area  in  Wyo- 
ming. On  the  western  slopes  of  the  Black  Hills  the  Cambrian 
strata  dip  very  gently  westward,  and  above  the  Cambrian  are 
the  Ordovician,  Carboniferous  and  probably  Permian.  These 
are  found  in  rather  wide  beds,  the  Permian  extending  west- 
ward to  within  ten  miles  of  Sundance.  From  this  point  west- 
ward to  Sundance  the  Triassic  red  sandstone  covers  the  entire 
valley,  extending  to  the  northward  and  southward  many 
miles,  while  the  Paleozoic  rocks  bend  to  the  eastward  as  they 
encircle  the  main  uplift.  Throughout  this  area  artesian  wells 
can  be  secured,  and  although  the  bands  of  rock  do  not  reach 
high  up  along  the  hills,  one  can  expect  a  large  supply  of  wa- 
ter, since  the  precipitation  in  this  section  of  the  state  is  almost 
double  that  of  central  Wyoming.  North  and  east  of  Sun- 
dance the  conditions  are  very  favorable.  The  Bear  Lodge 
mountains  traverse  considerable  country  north  and  south. 
Thev  have  a  core  of  Cambrian  rocks  and  the  Ordovician,  Car- 
boniferous  and  Permian  flank  either  side.  The  elevation  of  the 
highest  peak  is  6,750  feet.  These  rocks  furnish  water  for 
the  western  side  of  the  basin,  that  is  supplied  from  the  east 
by  the  Black  Hills.     At  Sundance  good  wells  will  be  secured 
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if  drilled  to  a  depth  of  i,ooo  or  2,000  feet.  On  the  west  side 
of  the  Bear  Lodge  range  is  also  a  second  area  that  will  bt 
found  productive.  Westward  on  the  Belle  Fourche  river  there 
is  an  anticlinal  fold  in  Cretaceous  rocks,  in  the  Belle  Fourche 
oil  field,  but  this  is  of  little  importance  for  artesian  water,  on 
account  of  a  slight  production  and  the  contamination  with  pe- 
troleum. 

Having  dealt  with  the  exterior  of  this,  the  largest  artesian 
basin  in  Wyoming,  some  may  inquire  what  is  to  be  done  with 
the  central  region,  where  streams*  are  scarce  and  water  is  so 
badly   needed.      Very    unfortunately   the   best    water-bearing 
zones  are  buried  so  deep  with  upper  Mesozoic  rocks  that  any 
attempt  to  pierce  them  with  a  drill  would  prove  futile.     In 
reality  this  is  the  most  valuable  portion  of  the  basin  if  it  were 
possible  to  drill  and  reach  the  Dakota  sandstone  or  the  Paleo- 
zoic rocks,  but  unless  there  are  new  inventions  that  will  aid  us 
in  drilling,  no  one  need  for  a  moment  consider  drilling  a  well 
deeper  than  5,000  or  6,000  feet,  and  since  a  well  here  would 
have  to  be  from  10,000  to  20,000  feet  deep  to  reach  the  great 
water  zones,   it  makes  the  question  hinge  on  impossibilities. 
Even  in  the  central  regions  slight  flows  may  be  found  near  the 
surface  that  would  repay  many  times  the  expense  of  drilling. 
In  the  Salt  Creek  oil  fields  artesian  water  bands  have  been 
found,  but  the  water  was  so  saturated  with  sodium  sulphate 
as  to  render  it  useless  for  any  purpose.    Along  the  fold  of  the 
Powder  River  oil  basin  wells  may  be  found,  but  if  associated 
with  the  oil  sands  they  will  not  be  useful.    On  account  of  the 
Dakota  sandstones  cropping  to  the  surface  in  this  section,  there 
is  an  excellent  opportunity  to  drill  along  the  axis  of  the  anti- 
clinal fold  and  secure  a  large  supply  of  water  that  would  corae 
from  the  Big  Horn  mountains.     The  Oil  Mountain  oil  field 
should  also  be  included  as  a  possible  place  for  securing  a  flow. 
In  fact  the  Guthery  well,  which  is  drilled  on  Poison  Spider 
creek,  has  furnished  a  small  flow  of  sulphur  water  for  several 
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years.     Wells  drilled  nearer  the  axis  of  the  fold  should  pro- 
duce more  water. 

See  Section  X  for  geological  structure  of  Powder  River 
artesian  basin. 

I 

THE  GREEN  RIVER  ARTESIAN  BASIN. 

The  area  of  this  basin  is  very  great,  but  the  boundary  lines 
cannot  be  surely  fixed,  since  there  are  no  mountain  ranges 
that  act  as  barriers,  and  also  because  the  Tertiary  rocks  have 
obscured  the  greater  portion  of  the  Mesozoic  and  Paleozoic 
terranes.  The  Rawlins  uplift  marks  the  eastern  limit,  but  as 
this  only  extends  a  few  miles,  it  only  establishes  a  portion  of  the 
boundary.  From  the  Rawlins  uplift  the  line  extends  south  to 
the  western  flank  of  the  Sierra  Madre  range,  thence  south  to 
the  Colorado  line.  To  the  northward  it  extends  to  Green  moim- 
tain.  The  northern  boundary  extends  from  Green  mountain 
northwest  to  South  Pass,  thence  north  and  west  to  the  great 
bend  of  the  Green  River  and  thence  southwest  along  the  Gros 
Ventre  mountains.  The  western  border  is  formed  bv  the  Gros 
\'entre  mountains  and  lesser  folds  that  extend  southward  out- 
cropping occasionally  between  Lead  creek  and  at  a  point  just 
west  of  Opal,  thence  due  south  to  the  Colorado  line;  but  all, 
or  nearly  all,  of  the  older  sedimentary  rocks  are  buried  be- 
neath the  Tertiary.  The  southern  boundary  is  in  reality  in  Col- 
orado, where  the  Uinta  mountains  form  a  higher  barrier,  with 
the  Paleozoic  and  Mesozoic  rocks  dipping  toward  Wyoming. 
Conditions  about  the  basin  are  different  from  any  described. 
There  are  some  high  mountains  but  the  strata  do  not  as  a  gen- 
eral thing  extend  high  up  along  the  ranges.  For  miles  none 
of  the  Mesozoic  and  Paleozoic  rocks  are  exposed  and  if  they 
ever  did  flank  the  range  they  have  been  completely  buried  by 
more  recent  sediment.  At  Rawlins  there  is  an  Archaean  ex- 
posure, but  the  sedimentary  rocks  reach  a  higher  elevation 
than  the  granites.     To  the  west  of  the  Archean  the  Paleozoic 
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rocks,  which  are  Cambrian,  Carboniferous  and  probably  Per- 
mian dip  to  the  westward  at  a  higher  inclination  and  also  grad- 
ually decrease  in  elevation  toward  the  Red  desert.  The  Mes- 
ozoic  rocks,  apparently  conformable,  dip  at  a  less  angle  and  at  a 
distance  of  ten  or  fifteen  miles,  the  Laramie  rocks  dip  only  a 
few  degrees  to  the  west.  South  of  Rawlins  the  dip  of  the 
strata  gradually  flattens,  and  only  the  Cretaceous  series  appear 
»on  the  surface.  Along  the  Sierra  Madre  the  Cretaceous  rocks 
rest  upon  the  Algonkian  schists.  The  drainage  from  this 
range  may  enter  the  Cretaceous  at  various  intervals,  or  it  may 
follow  the  unconformability  to  a  great  depth.  North  of  the 
Rawlins  uplift  artesian  conditions  disappear.  The  Cretaceous 
rocks  are  folded,  but  form  a. rough  and  broken  countr}-  that 
IS  bordered  on  the  west  with  Eocene  Tertiary  rocks,  and  the 
north  by  an  elevated  region  known  as  Green  mountain,  the 
structure  of  which  is  not  definitely  known.  Possibly  Green 
mountain  may  act  as  a  storage  reservoir,  but  with  this  except- 
ion there  are  no  elevations  to  produce  hydrostatic  pressure. 
To  the  west  of  the  Rawlins  uplift  slight  flows  may  be  looked 
for,  and  these  may  be  secured  many  miles  west  of  Rawlins: 
"but  large  wells  should  never  be  expected.  Along  the  Sierra 
Madre  mountains,  the  question  of  artesian  water  cannot  be  set- 
tled without  drilling.  Surface  conditions  do  not  warrant  an 
opinion. 

The  northern  boundary  of  this  basin,  from  Crook's  gap 
westward,  is  $  broad  Tertiary  plateau,  which  practically  forms 
,the  northern  boundary  of  the  Red  desert.  To  the  southward 
the  plateau  terminates  in  precipitous  bluffs  which  rise  from 
500  to  1,000  feet  above  the  desert,  and  reach  in  almost  an  un- 
broken line  from  just  west  of  Crook's  gap  nearly  to  Pacific 
.Springs.  Throughout  this  entire  distance  there  is  no  evidence 
of  any  rocks  older  than  the  horizontal  Tertiary  strata,  that  alike 
•covers  the  table  land  and  the  desert.  Mesozoic  rocks  are  be- 
low; but  how  deep  one  would  have  to  drill  to  reach  them  no 
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one  can  tell.  Prior  to  the  deposition  of  the  Tertiary,  the 
Cretaceous  rocks  flanked  the  Wind  River  range.  These  rocks 
seem  to  have  suffered  greatly  from  erosion  along  the  south- 
ern and  western  slopes  and  later  their  upturned  edges  were 
entirely  buried  by  the  Tertiary.  At  the  foot  of  the  escarpments 
along  the  desert  it  may  be  possible  to  drill  and  reach  some 
of  the  Cretaceous  bands.  At  present  there  are  no  indications 
to  follow,  since  there  are  only  a  few  small  springs  known  that 
have  their  origin  in  the  Tertiary.  From  Pacific  Springs  north 
and  west  conditions  are  similar  until  within  a  few  miles  of  the 
great  bend  of  the  Green  river,  where  both  Mesozoic  and  Pa- 
leozoic outcrop.  These  escarpments  are  very  small,  however, 
and  give  but  little  promise  of  important  water  supplies.  West 
of  the  Green  river,  along  the  southern  and  eastern  slopes  of  the 
Gros  Ventre  mountains,  the  sedimentary  rocks  lie  high  up  on 
the  range  and  offer  similar  inducements  for  drilling  as  have 
been  cited  along  several  of  the  other  important  mountain 
ranges.  Conditions  are  not  exactly  the  same,  since  the  Ter- 
tiary strata  obscures  the  most  of  the  Cretaceous  and  will  make 
it  necessarv  to  drill  in  the  lower  Mesozoic  bands  and  in  the 
Paleozoic.  Along  this  range  the  rocks  exposed  are  the  same 
as  formed  along  the  eastern  slope  of  the  Wind  River  moun- 
tains. 

From  the  Gros  Ventre  mountains  southward  to  the  state 
line  there  is  an  anticlinal  fold  along  which  the  lowest  exposed 
rocks  belong  to  the  Carboniferous.  This  exposure  is  not  con- 
tinuous, for  the  Tertiary  rocks  have  in  many  instances  covered 
the  entire  fold.  It  is  especially  prominent  northward  from 
Opal  on  the  Oregon  Short  Line  railroad.  Between  the  Gros 
Ventre  range  and  Opal  there  are  no  high  mountains,  and  the 
Carboniferous  rocks  must  be  considered  the  lowest  zone  in 
which  to  look  for  artesian  water,  and  in  this  only  small  flows 
can  be  expected.  On  account  of  the  Tertiary  covering  most 
of  the  Mesozoic  the  most  desirable  locations  for  drilling  will 
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be  found  along  a  narrow  band  paralleling  the  Carboniferous 
exposure.  South  of  Opal  the  entire  fold  is  covered  with  Ter- 
tiary, which  debars  it  from  artesian  possibilities. 

The  southern  boundary  of  the  basin  is  in  reality  the  Uinta 
mountains.  In  Wyoming  there  is  a  narrow  belt  of  the  upper- 
most Cretaceous  bands  that  extend  from  Black's  Fork  nearly 
to  Dixon.  While  flowing  wells  may  be  found  in  this  region, 
the  locality  is  unfavorable,  on  account  of  coal  veins  and  poor 
water.  Further,  the  supply  would  be  quite  small  and  if  good 
water  could  be  found  the  production  would  not  warrant  the 
expense. 

Some  mention  should  be  made  of  the  central  part  of  this 
basin.  At  Salt  Wells  and  to  the  south  there  is  a  broad  anti- 
clinal  fold  which  causes  the  rocks  to  dip  westward  to  Rock 
Springs  and  eastward  to  Black  Buttes.  To  the  east  the  sur- 
face gradtially  rises  so  that  very  little  depth  is  gained.  To- 
ward Rock  Springs  the  surface  falls  rapidly  but  does  not  equal 
the  dip.  On  this  account  flowing  wells  can  be  obtained  in  the 
vicinity  of  Rock  Springs  and  to  the  north  and  south  some  dis- 
tance. They  can  be  found  by  drilling  at  Green  River  city. 
None  of  these  localities  are  recommended:  First,  on  account 
of  the  numerous  coal  veins,  which  always  produce  bad  water ; 
and  second,  on  account  of  the  abundance  of  soda  salts  found 
in  this  region.  Wells  drilled  at  Green  River  in  which  the 
water  rose  to  the  surface  and  at  times  flowed,  have  contained 
as  high  as  24  per  cent  of  sal  soda  or  sal  soda  mixed  with  other 
soda  salts.  Artesian  wells  have  been  drilled  at  Rock  Springs, 
and  a  small  flow  obtained ;  but  the  water  was  anything  but 
desirable.  ^ 

See  Section  XI  for  geological  structure  of  Green  River 
artesian  basin. 
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THE  SWEETWATER  VALLEY. 

Since  the  structure  of  this  valley  is  very  questionable  and 
thus  far  has  not  been  entirely  satisfactorily  explained,  it  can 
not  be  called  an  artesian  basin.  The  valley  extends  from  the 
North  Platte  river  westward  between  the  Seminoe,  Ferris  and 
Green  mountains  on  the  south  and  the  Rattlesnake  mountains 
on  the  north,  nearly  to  Lewiston.  All  of  this  area  is  covered 
with  Tertiary  (probably  Miocene)  except  the  low  round  gran- 
ite masses  that  have  been  called  the  Sweetwater  mountains. 
'  The  largest  granite  areas  extend  along  the  northern  side  of  the 
Sweetwater  river  from  below  Devil's  Gate  westward  nearly  to 
Rongis.  The  highest  peaks  are  not  over  i,ooo  feet  above  the 
valley.  The  masses  are  irregular  in  outline,  with  numerous 
low  and  long  narrow  ridges  extending  out.  into  the  valley. 
The  slopes  are  smooth  and  contain  little  or  no  soil,  but  there 
are  occasional  grass  patches  or  a  few  scrubby  pine  trees.  The 
peaks  are  dome  shaped  and  are  worn  so  smooth  that  it  is  usu- 
ally very  difficult  to  scale  them.  In  all  cases  the  Tertiary  rocks 
are  found  lying  upon  or  against  the  granite.  Besides  the  large 
masses  of  granite  there  are  numerous  outliers  and  these  are 
often  very  small,  only  a  few  acres  in  extent.  These  outlying 
exposures  are  widely  scattered  and  are  to  be  found  not  only  in 
the  center  of  the  valley  but  also  along  the  Rattlesnake  and 
Ferris  mountains.  So  far  as  investigation  has  proven,  there 
are  no  Paleozoic  or  Mesozoic  rocks  exposed  in  this  region. 
Along  the  Ferris  mountains  the  Tertiary  was  found  resting 
upon  the  Archaean  and  across  the  valley  the  Rattlesnake  moun- 
tains so  far  as  known  present  the  same  features.  Along  the 
Ferris  range  the  Paleozoic  dips  at  high  angle  to  the  southward 
while  along  the  Rattlesnake  these  rocks  dip  to  the  northward. 
At  first  one  is  inclined  to  consider  this  valley  the  axis  of  a  great 
anticlinal,  with  the  ranges  on  either  side  representing  what  was 
at  one  time  the  base  of  a  broad  and  high  range.  On  a  second 
thought  it  seems  more  likely  that  this  valley  was  an  Archaean 
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land  mass  and  that  it  continued  to  be  an  island  from  the  b^;in- 
ning  of  the  Archaean  up  to  the  close  of  the  Eocene  Tertiary. 
Following  this  period  the  granite  highland  was  depressed  and 
covered  by  a  Miocene  sea,  but  the  peaks  and  highest  ranges 
protruded  above  the  lake  surface.  Prior  to  this  valley  becom- 
ing a  Tertiary  sea  the  Ferris  and  also  the  Rattlesnake  moun- 
tains were  in  all  probability  elevated  by  means  of  enormous 
faults  which  paralleled  the  valley.  In  case  this  solution  is  true 
the  granite  peaks  of  the  Sweetwater  valley  represent  the  only 
portions  of  Wyoming  that  have  been  constantly  above  sea  since 
the  beginning  of  geological  time.  Again,  if  this  solution  is 
true,  the  Sweetwater  valley  is  not  an  artesian  basin,  and  while 
wells  may  be  found  by  drilling,  no  one  should  expect  a  flow. 

See  Section  XII  for  geological  structure  of  the  Sweet- 
water valley. 

THE  LARAMIE  ARTESIAN  BASIN. 

This  ideal  basin  lies  between  the  Laramie  and  Medicine 
Bow  mountains,  being  limited  in  its  southern  extension  by  the 
union  of  the  Laramie  and  Medicine  Bow  mountains  and  on 
the  north  bv  the  westward  bend  of  the  Laramie  mountains, 
which  forms  the  eastern  boundary,  and  on  the  west  by  the 
Carbon  and  Shirlev  artesian  basins,  which  boundarv  is  a  north 
and  south  line  passing  just  west  of  the  western  termination 
of  the  Como  anticlinal.  In  the  northern  half  of  the  Laramie 
basin  there  is  a  local  anticlinal  fold  extending  from  the  old  Mi- 
ser siding  north  and  east  nearly  to  the  Big  Laramie  river,  and 
a  second  one  north  of  Rock  Creek  which  has  the  same  strike 
as  the  Miser  and  is  several  miles  in  length.  West  and  north 
of  these  is  the  Como  anticlinal  and  a  portion  of  the  anticlinal 
north  of  Medicine  Bow,  which  influences  the  strata  as  much  as 
either  of  those  previously  mentioned. 

The  rocks  forming  this  basin  include  all  of  the  periods 
known  in  the  Rocky  mountain  geology  from  the  Carboniferous 
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to  the  Fox  Hills  inclusive.  Along  the  Laramie  mountains  the 
Carboniferous  and  Permian  lie  high  up  along  the  range,  often 
reaching  an  elevation  of  from  i,ooo  to  1,500  feet  above  the 
valley  and  dipping  gently,  about  12  degrees,  to  the  westward. 
In  reality  these  rocks  form  the  western  slopes  of  the  range  and 
on  this  account  there  is  not  a  single  stream  that  forms  from 
springs  along  the  mountain  side  that  reaches  the  Laramie 
river,  on  account  of  the  water  following  the  bedding  planes 
and  supplying  the  artesian  basin.  The  conditions  along  the 
southern  end  of  the  basin  cannot  be  as  clearly  shown,  since  the 
rocks  are  badly  distorted,  faulted,  and  in  many  places  they  dip 
at  a  high  angle  northward  and  are  largely  covered  with  soil. 
Along  the  Medicine  Bow  mountains  the  dip  of  the  rocks  is 
very  sharp,  often  reaching  60  degrees,  and  on  account  of  the 
soil  and  talus  washed  from  the  range  they  are  as  a  rule 
buried.  In  the  Centennial  valley,  which  lies  between  Sheep 
mountain  and  the  main  range,  there  is  a  small  area  in  which 
the  rocks  are  not  very  thick,  since  they  have  suffered  excep- 
tional erosion  and  not  less  than  10,000  feet  of  sedimentary 
rocks  have  been  removed.  In  consequence  the  entire  strata  in 
this  region  are  not  over  4,000  feet  thick  in  the  center  of  the 
valley  and  the  rocks  dip  gently  from  both  the  east  and  tne 
west  and  likewise  from  the  south.  North  along  the  Medicine 
Bow  range  the  Carboniferous  rocks  seem  to  rest  upon  the 
Archaean  or  Algonkian  and  can  be  seen  occasionally  where 
the  streams  issue  from  the  mountains.  Sometimes  they  are 
found  higher  up  than  along  the  Laramie  range.  The  great- 
est difference  between  the  eastern  and  western  sides  of  this 
basin  is  that  on  the  east  the  rocks  dip  gently  and  the  oldest 
sedimentary  rocks  extend  a  long  distance  from  the  crest  of 
the  range,  while  along  the  western  side  the  rocks  approach 
the  vertical  and  are  only  seen  in  narrow  bands.  (For  illustra- 
tion, see  geological  section  of  the  Laramie  basin.) 

Along  the  northern  end  of  the  basin  the  Carboniferous 
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rocks  are  gently  inclined  to  the  south  and  form  a  broad  band 
that  disappears  beneath  the  Tertiary  on  nearing  Sheep  creek. 
Above  the  Carboniferous  there  is  a  broad  band  of  Triassic 
sandstone.  These  gently  dipping  strata  will  furnish  a  consid- 
erable amount  of  water.  For  this  section,  the  Laramie  moun- 
tains must  be  considered  as  the  primary  source  for  the  water, 
which  is  slightly  augmented  by  the  flow  from  Freezeout  hills. 
The  slight  uplifts  near  Miser,  Rock  Creek,  Como  and  Medi- 
cine Bow  also  affect  this  whole  region.  Along  the  anticlinals 
the  axes  have  been  eroded  down  to  the  Triassic  and  in  the  one 
north  of  Medicine  Bow  to  the  Permian  or  Carboniferous.  Be- 
tween these  folds  are  slight  synclinal  basins  which  may  prove 
valuable  for  small  wells.  There  are  a  few  springs  that  act  as 
overflows  for  this  section.  One  is  at  Como,  another  at  Seven 
Mile  spring,  north  of  Rock  Creek,  and  a  third  at  Boswell 
springs.  These  folds  have  been  beneficial  to  a  certain  degree, 
for  they  have  caused  the  Cretaceous  bands  to  be  removed  and 
made  it  possible  to  reach  the  Carboniferous  and  the  Archsean 
a  long  distance  from  the  Laramie  mountains. 

The  mountains  on  three  sides  of  this  basin  furnish  the  wa- 
ter supply  for  this  basin.  On  the  plains  the  average  rainfall  is 
about  12  or  14  inches,  but  in  the  Medicine  Bow  mountains  it  is 
double  if  not  treble  that  amount.  A  considerable  portion  ot 
this  snow,  which  melting,  gradually  follows  the  strata  on  their 
downward  course  and  this  basin  is  filled  to  the  overflowings 
the  overflows  being  springs  in  various  places  along  the  ranges. 
Along  the  foot  of  the  Laramie  mountains  there  are  the  Lara- 
mie, Soldier  Creek,  Simpson,  Red  Buttes  and  Sportsman  lake 
springs,  all  of  which  appear  to  come  from  a  slight  fault.  The 
large  springs  in  the  Centennial  valley  are  also  vents. 

The  most  important  water-bearing  horizons  are  the  Car- 
boniferous, Permian,  Triassic,  and  Dakota  Cretaceous.  Above 
these  bands  good  wells  may  be  secured  in  which  the  water  will 
be  questionable.    Along  the  western  boundary  of  the  basin  the 
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above  formation  cannot  be  seriously  considered,  since  d3  a 
rule  they  are  found  high  up  along  the  range  where  water  is 
not  needed.  Below,  along  the  valley,  the  depth  will  be  too 
great  to  penetrate  with  a  drill.  The  Centennial  valley  is  an 
exception  to  the  above,  for  at  any  point  in  the  valley  it  will 
be  possible  to  drill  to  the  granite.  Artesian  wells,  however, 
will  be  found  by  drilling  in  the  Cretaceous  rocks  along  the 
Medicine  Bow  mountains.  The  chances  for  securing  good 
water  are  about  equal  to  the  chances  for  securing  poor. 

Along  the  eastern  side  of  the  basin  conditions  are  excep- 
tionally favorable  for  well  drilling  to  secure  water  in  the  Car- 
boniferous, Permian  and  Triassic  rocks.  There  is  a  belt  vary- 
ing from  three  to  six  miles  in  width  the  entire  length  of  the 
basin,  where  wells  drilled  from  200  to  3,000  feet  can  secure 
good  flows  of  excellent  water,  the  deep  wells  having  prefer- 
ence and  producing  the  largest  volume  of  water. 

At  the  present  time  numerous  experiments  have  been 
tried  in  the  Laramie  basin  and  they  have  usually  been  suc- 
cessful. Quite  a  number  of  wells  have  been  drilled  in  and 
about  Laramie.  These  vary  in  depth  from  200  to  1,500  feet 
and  the  water  has  usually  been  found,  but  the  flow  only  mod- 
erate. It  is  only  fair  to  remark  that  had  they  used  larger  tools 
the  production  of  each  well  would  have  been  increased.  So 
far  as  known,  the  wells  drilled  at  Laramie  have  all  been  in  Tri- 
assic sandstone  and  but  a  few  of  them  have  been  drilled  deep 
enough  to  reach  the  Permian  or  Carboniferous  rocks,  where 
the  best  wells  will  be  found.  I  would  suggest  that  the  most 
valuable  water-bearing  horizon  lies  near  the  granite,  where 
there  is  a  coarse  sandstone.  At  Laramie  a  well  would  have 
to  be  drilled  about  2,000  feet  to  reach  this  zone,  which  in  all 
probability  will  furnish  a  surprising  water  supply.  Along 
the  western  (idge  of  the  basin  four  wells  have  been  drilled, 
three  of  which  flow,  and  in  the  fourth  water  would  rise  to 
within  18  inches  of  the  surface.     The  water  of  two  of  these 
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wells  was  excellent.  The  others  were  sulphurous  and  con- 
tained considerable  sodium  sulphate.  The  good  wells  secured 
their  flow  in  the  Fox  Hills  sandstones.  The  water  supply  of 
the  Laramie  plains  can  be  greatly  augmented  by  drilling  arte- 
sian wells.  The  basin  is  large,  has  a  vast  area  tributary  to  sup- 
ply water  which  can  not  only  be  utilized  for  ranch  and  mu- 
nicipal purposes,  but  to  a  considerable  extent  for  irrigation. 
What  is  most  needed  today  is  a  deep  well  that  should  be  drilled 
a  good  distance  west  of  the  Laramie  range  and  deep  enough  to 
reach  bed-rock. 

How  many  wells  this  basin  will  support  and  give  to  them 
all  a  reasonable  supply  can  not  be  estimated.  However,  the 
area  is  large  and  the  water  supply  is  more  than  ordinary.  By 
drilling  wells  the  pressure  must  of  necessity  be  decreased, 
but  this  will  not  be  apparent  until  the  demand  exceeds  the 
supply. 

See  Section  XHI  for  geological  structure  of  the  Laramie 
artesian  basin. 


THE  SHIRLEY  ARTESIAN  BASIN. 

Lying  east  of  the  North  Platte  river  and  north  of  the 
Shirley  mountains  there  is  a  depression  that  has  been  known 
for  years  as  Shirley  basin,  but  this  must  not  be  confused  with 
the  Shirley  artesian  basin,  which  is  very  much  larger.  The 
artesian  basin  includes  all  of  the  territory  lying  between  the 
Laramie  mountains  on  the  north  and  the  Shirley  mountains  and 
Freezeout  hills  on  the  south.  There  are  no  natural  barriers 
hemming  in  this  basin  on  the  east  or  west.  The  North  Platte 
river  can  be  considered  the  western  boundary  and  a  line  ex- 
tending north  from  the  eastern  termination  of  the  Freezeout 
hills  the  eastern.  Along  the  Laramie  mountains  the  Tertiary 
strata  have  covered  nearly  all  of  the  earlier  sedimentary  rocks. 
Near  the  Platte  river,  where  the  waters  have  cut  a  broad  val- 
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ley,  the  Tertiary  rocks  have  been  entirely  removed  and  ex- 
posed  the   formations   from   the  Archaean   upwards.     Hence 
along  the  river  there  is  a  narrow  band  of  exposures  which  are 
bordered  on  either  side  by  Tertiary  beds,  and  which  will  pro- 
duce some  artesian  wells.    From  a  point  a  few  miles  below  the 
mouth  of  the  Sweetwater  river,  where  the  Platte  river  surges 
through  the  great  canon,  the  sedimentary  rocks  dip  to  the 
north.    Passing  down  the  canon  one  can  see  along  the  walls 
the  Cambrian,  Carboniferous,  Permian,  Triassic,  Jurassic,  and 
the  very  base  of  the  Cretaceous,  when  suddenly  the  Carbonifer- 
ous or  Permian  rocks  are  duplicated  and  rise  at  least  400  feet 
above  the  Cretaceous.    This  sudden  change  has  been  due  to  a 
fault  which  extends  for  a  considerable  distance  on  either  side 
of  the  Platte  river  and  possibly  is  the  southeastern  termination 
of  the  g^eat  fault  that  produced  the  Rattlesnake  motmtains. 
From  this  fault  flows  several  warm  springs  which  have  been 
credited  with  remarkable  medicinal  properties.    The  water  has 
a  temperature  of  140  degrees  F.    At  any  point  above  the  fault 
artesian  wells  may  be  drilled  and  a  flow  obtained.    The  Platte 
river  crossing  these  strata  at  nearly  right  angle  as  it  passes 
through  the  canon,  furnishes  them  with  an  unusual  supply  of 
water.    Below  the  fault,  the  Paleozoic  rocks  are  covered  with 
gently  dipping  Mesozoic  bands  which  are  capped  with  Lara- 
mie.   Below  Alcova  ten  miles  is  the  axis  of  a  synclinal  basin 
which  extends  northwest  and  southeast,  beyond  which  the  stra- 
ta rise  gradually  toward  the  Laramie  range.    On  either  side  of 
the  synclinal  basin,  that  is,  near  Alcova  or  near  the  Laramie 
range,  wells  can  be  drilled  in  the  Triassic  and  possibly  in  the 
Fort  Benton  and  a  mediimi  flow  obtained.    Were  it  not  for  the 
water  supply  of  the  Platte  river  this  section  would  be  of  no 
value  for  artesian  water. 

From  the  Platte  river  eastward*  along  the  range  there  ire 

^ince  the  geological  map  was  drawn  I  have  investigated  Bates  Hole  and  found  that 
the  central  portion  of  this  area  has  been  eroded  down  to  the  Cretaceous.  The  Creiaceotis 
exposure  along  the  Platte  river  should  extend  in  a  narrow  belt  some  thirty  miles  east  and 

south. 
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no  places  where  surface  indications  would  warrant  anyone  in 
searching  for  artesian  water.  Along  the  Shirley  mountains  the 
Tertiary  has  also  covered  the  upturned  sedimentary  rocks  from 
the  Platte  river  eastward  to  the  head  of  Muddy  creek.  From 
the  head  of  Muddy  creek  along  the  range  as  far  as  Freezeout 
hills,  the  Paleozoic  strata  are  CKposed  and  are  nearly  vertical, 
dipping  slightly  to  the  northejist.  Below,  in  the  valley,  are 
the  Mesozoic  rocks,  which  extend  for  several  miles  northward, 
when  they  disappear  beneath  a  high  Tertiary  bluff.  All  along 
the  range  between  the  last  points  mentioned,  wells  may  be 
found  by  drilling  near  the  mountain  base.  A  better  method 
would  be  to  tunnel  for  the  water  in  the  section. 

Along  the  Freezeout  hills  the  oldest  exposed  rocks  are 
either  Permian  or  Carboniferous  which  do  not  rise  to  any  con- 
siderable height  above  the  valley  lands.  All  of  the  Mesozoic 
rocks  are  present  and  the  Dakota  band  forms  the  slopes  of  the 
hills.  These  are  cut  in  numerous  places  by  gulches  and  ravines 
in  which  there  are  a  few  small  springs.  By  drilling  in  the  Da- 
kota  bands  and  penetrating  the  Triassic  sandstones  flowing 
wells  can  be  obtained.  The  flow  will  not  be  strong  and  the 
water  may  be  strongly  impregnated  with  gypsum. 

See  Section  XIV  for  geological  structure  of  the  Shirley 
artesian  basin. 


THE  CHEYENNE  ARTESIAN  BASIN. 

This  basin  diflfers  from  most  of  the  artesian  basins  of  the 
state.  In  the  first  place,  the  mountains  are  found  along  the 
western  side  only,  the  eastern  and  southern  borders  having  no 
barrier  and  the  strata  extending  into  Colorado  and  Nebraska. 
The  Carboniferous  rocks  exposed  to  the  westward  of  Cheyenne 
outcrop  at  Omaha.  Secondly,  the  water-bearing  rocks  were 
originally  and  are  to  a  great  extent  at  the  present  time  covered 
with  Miocene  Tertiary.     Nevertheless  there  are  artesian  possi- 
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bilitics  in  the  Chevenne  basin,  which  is  bounded  on  the  north 
by  the  Powder  river  basin,  on  the  west  by  the  Laramie  moun- 
tains, and  extending  on  the  south  into  Colorado  and  the  east 
into  Nebraska.  Along  the  Laramie  mountains  the  Paleozoic 
rocks,  which  are  composed  of  simply  the  Carboniferous  or  Car- 
boniferous and  Permian,  stand  in  nearly  a  vertical  position^ 
except  at  Table  mountain,  where  a  large  block  of  limestone 
has  been  carried  up  by  the  granite  and  is  an  isolated  area  nearly 
level.  To  the  northward  of  Table  mountain,  along  Pole  creek. 
Horse  creek  and  Chugwater,  the  Carboniferous  can  be  seen 
as  huge  hog-backs  paralleling  the  range.  Similar  exjxjsures 
are  seen  south  of  Table  mountain.  Occasionally  there  are  ex- 
posures of  the  Triassic  sandstone  accompanying  the  Carbonif- 
erous and  in  a  few  instances  the  Tertiary  has  been  removed 
in  the  valleys,  laying  bare  the  Cretaceous  rocks  as  high  as  the 
Fort  Pierre  shales.  In  localities  where  the  Mesozoic  and  Pale- 
ozoic rocks  are  exposed  and  the  strata  are  not  vertical,  artesian 
wells  may  be  found,  but  the  water  supj.Iy  wiM  be  small,  since 
these  strata  depend  upon  the  rainfall  for  their  water. 

In  Goshen  hole  the  Tertiary  rocks  have  been  removed 
from  quite  large  areas,  and  the  Laramie  sandstones  exposed. 
Artesian  water  will  be  found  in  this  depression,  but  on  account 
of  the  coal  the  water  may  be  very  impure.  Again,  the  supply 
of  water  from  wells  drilled  in  this*  region  will  nevTr  be  very 
great.  North  of  the  Big  Laramie  river,  and  especially  along 
the  Platte  river  and  extending  eastward  to  the  Hartville  hills^ 
the  geology  is  entirely  different  from  the  southern  half  of  the 
basin.  Here  not  only  the  Tertiary  rocks  have  been  removed,, 
but  also  the  Mesozoic,  leaving  the  Carboniferous  exposures. 
To  the  westward  of  the  canon  of  the  Platte  there  is  a  synclinal 
basin,  in  which  there  are  some  Cretaceous  rocks.  Representing^ 
the  oldest  strata  along  the  Laramie  mountains  are  the  Carbonif- 
erous and  Cambrian  rocks  extending  high  up  along  the  moun- 
tain  slopes.     This  produces  a  basin  of  considerable  import- 
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ance,  and  wells  drilled  in  the  Dakota  or  lower  will  unquestion- 
ably find  an  abundance  of  excellent  water.  All  of  the  lime- 
stone  area  between  the  Chevenne  and  Northern  railroad  and 
Hartville  can  be  considered  as  artesian  territory.  Wells  will 
Tiot  have  to  be  drilled  deep  and  the  flow  will  not  be  large. 
Eastward  from  Hartville  conditions  are  unfavorable  for  well 
drilling.  The  Tertiary  country  lying  east  of  Whalen  canon 
will  probably  never  have  a  flowing  well.  The  rocks  to  be 
-encountered  below  the  Tertiary  are  the  Laramie,  which  are 
•quite  liable  to  furnish  very  inferior  water.  In  case  an  artesian 
well  is  contemplated  at  Cheyenne  in  the  future  they  should 
arrange  to  drill  not  less  than  4,000  feet.  But  in  any  case  it 
IS  very  questionable  if  a  well  would  ever  pay  the  necessary  ex- 
pense. In  this  connection  it  is  well  to  recall  some  of  the  wells 
that  have  been  drilled  in  the  Tertiary  that  do  flow  small  streams 
of  good  water.  One  of  these  is  south  of  Cheyenne.  In  the 
Tertiary  there  are  lenses  of  clay  that  are  impermeable  layers, 
and  these  confine  a  small  quantity  of  water  that  is  taken  up  by 
the  ground  and  carried  to  lower  levels.  The  Tertiary  dip 
slightly  to  the  eastward,  which  accounts  for  the  artesisui  pres- 
-sure.  Small  wells  may  be  found  near  the  surface,  but  since  the 
•clay  bands  are  local  well  drilling  will  be  mere  guess-work. 

In  the  Cheyene  basin  the  conditions  are  such  that  in  the 
future  it  may  be  found  advisable  to  drill  wells  near  the  moun- 
tains, where  they  would  not  be  so  deep,  and  pipe  the  water  tc 
lower  le\'els.  The  great  springs  at  Granite  Canon  reveal  the 
fact  that  there  is  quite  a  large  water  storage  along  the  Lara 
mie  mountains  west  of  Cheyenne,  and  that  this  spring  acts  a^ 
the  overflow  for  the  basin. 

See  Section  XV  for  geological  structure  of  the  Cheyenm 
artesian  basin. 
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Medicine  Bow  anticlinal  can  be  considered  as  valuable  terri- 
tory for  small  wells. 

The  southern  boundary  presents  many  peculiar  phases. 
The  Medicine  Bow  range  rises  to  a  height  of  over  12,000  feet, 
but  separating  it  from  the  Sierra  Madre  there  is  a  broad  val- 
ley that  has  been  filled  with  Tertiary  and  the  Sierra  Madre 
mountains  are  largey  Algonkian,  about  which  nothing  older 
than  the  Cretaceous  rocks  have  been  found.  Elk  mountain 
forms  the  northern  termination  of  the  Medicine  Bow  moun- 
tains, and  about  this  very  prominent  peak  are  bent  the  Paleo- 
zoic and  Mesozoic  strata,  the  Paleozoic  lying  high  up  along  the 
slopes  and  continuing  to  a  considerable  distance  to  the  east- 
ward and  to  the  southward.  About  this  motmtain  there  is 
ample  room  for  many  wells,  all  of  which  should  be  large  pro- 
ducers. The  best  flow  will  be  obtained  by  drilling  through 
the  Paleozoic  and  reaching  bed-rock.  In  the  Platte  valley,  in 
the  vicinity  of  Saratoga,  all  of  the  Mesozoic  and  Paleozoic 
strata  have  been  covered  with  the  Tertiary.  At  Saratoga  there 
is  evidence,  in  the  warm  springs,  which  are  justly  celebrated 
for  their  medicinal  qualities,  that  there  are  some  large  fauhs 
that  bring  the  heated  water  supply  to  the  surface.  It  is  very 
probable  that  the  Saratoga  valley  is  a  synclinal  basin  between 
the  two  ranges.  If  this  is  the  case,  wells  may  be  found  of 
some  importance  by  drilling  through  the  Tertiary  strata  at 
points  near  the  ranges. 

The  Sierra  Madre  range  presents  several  features  that 
have  not  been  studied  and  the  country  about  the  base  of  this 
range  cannot  be  recommended  for  artesian  wells,  but  never- 
theless a  careful  investigation  might  prove  it  of  some  im- 
portance. 

The  interior  of  the  Carbon  basin  is  largely  made  up  of  the 
Laramie  Cretaceous  and  cannot  be  considered  as  artesian  ter- 
ritory on  account  of  the  great  depth  it  would  be  necessary  to 
sink  to  reach  a  flowing  water  zone. 
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THE  UINTA  ARTESIAN  BASINS. 

In  Uinta  county,  south  of  the  Gros  Ventre  mountains, 
there  are  several  anticlinal  folds  that  extend  south  towdrds 
the  Utah  line.  For  this  reason  I  have  used  the  term  basins, 
instead  of  basin,  for  there  are  several  anticlinal  folds  that 
will  prove  to  be  of  some  value  in  securing  flowing  wells.  Un- 
fortunately, much  of  this  area  is  covered  with  Tertiary  rocks, 
which  seriously  interfere  with  working  out  the  stratigraphical 
conditions.  So  far  as  investigation  has  gone,  there  are  two 
prominent  anticlinals  extending  north  and  south.  The  axis  of 
the  first  passes  just  west  of  Opal  and  the  second  west  of  Twin 
Creek.  These  folds  are  exposed  to  some  extent  along  the  line 
of  the  Union  Pacific  railroad  and  also  north  of  the  Oregon 
Short  Line  railroad.  The  rocks  exposed,  so  far  as  known,  are 
the  Carboniferous,  and  these  are  nearly  all  north  of  the  Ore- 
gon Short  Line  railroad,  and  do  not  form  very  high  ranges. 
In  some  instances  the  axis  has  been  deeply  dissected  but  the 
Ordovician  or  Cambrian  rocks  have  not  been  reported.  On 
account  of  these  sedimentary  ranges  being  low  and  not  accu- 
mulating much  snow,  the  basins  in  this  region  will  not  produce 
large  flows  Again,  on  account  of  the  slight  elevation  of  the 
surrounding  country,  the  pressure  will  also  be  insufficient  to 
produce  a  large  flow,  provided  the  water  supply  is  sufficient. 

In  the  country  north  of  Opal,  and  along  the  Carboniferous 
exposures,  wells  will  be  found  by  drilling  in  the  lowest  expos- 
ures of  the  Carboniferous  or  Triassic  rocks.  Wells  obtained  in 
these  bands  will  undoubtedly  produce  the  greatest  water  supply 
and  will  also  furnish  the  most  desirable  water.  Wells  drilled 
in  the  Jurassic  will  without  question  secure  water  in  the  Tri- 
assic sandstone  provided  they  are  drilled  to  a  depth  of  500  feet 
or  more.  It  will  also  be  possible  to  drill  in  the  Jurassic  bands 
and  reach  the  Carboniferous  water  supply  with  deep  wells.  In 
no  instance  can  the  Cretaceous  bands  be  recommended  for  ar- 
tesian wells.    They  are  water-producing  and  slight  flows  may 
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water  zones  lie  beneath  the  Dakota  sandstones  in  this  as  in 
nearly  all  of  the  basins  in  Wyoming. 


THE  TETON  ARTESIAN  BASIN. 

This  basin  lies  on  the  west  of  the  Teton  mountains  and 
is  in  reality  tributary  to  Idaho.  The  formations  entering  into 
its  structure,  as  far  as  exposed,  are  largely  Paleozoic.  The 
Cambrian,  Ordovician  and  Carboniferous  extend  up  the  moun- 
tain slopes  to  perpetual  snow.  Along  this  range  artesian  condi- 
tions are  ideal,  but  the  demand  for  artesian  water  in  Wyoming 
from  this  source  will  never  amount  to  anything,  since  there 
are  abundant  streams  to  provide  all  the  water  that  the  Wyo- 
ming area  of  the  Teton  will  ever  need.  For  this  reason  the 
basin  has  been  merely  mentioned. 
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